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SUMMARY
T h is  th e s is  exam ines th e  fa te  of ch lo rp ro p h am  w hen ap p lied  
to  s to re d  p o ta to e s  to  s u p p re s s  s p ro u tin g . T h ro u g h o u t th is  p ro je c t 
th e  w ork  c o n c e n tra te d  on th e  u se  of ch lo rp ro p h am  in  p o ta to  
p ro c e s s o r s ' s to re s  an d  in  p a r t ic u la r  c r isp  m a n u fa c tu re rs ' s to re s  since 
th e se  a re  o p e ra te d  in a c o n s is te n t m anner an d  th e  la rg e s t  p ro p o r tio n  
of th e  s p ro u t s u p p re s s a n t  fo rm ulation  of ch lo rp ro p h am  is u se d  in  th e se  
s to r e s .
T he  fa te  of ch lo rp ro p h am  w as in v e s t ig a te d  in  two d is tin c t 
a r e a s .  T h e  p o rtio n  of th e  ap p lied  ch lo rp ro p h am  th a t  e n d s  up  in  th e  
c r is p s  a s  a re s id u e  is  th e  f i r s t  a re a , while in v e s tig a tio n  of th e  
p o ss ib le  b io tra n s fo rm a tio n  p ro d u c ts  of ch lo rp ro p h am  p ro d u c e d  b y  th r e e  
p o ta to  p a th o g e n s  is  th e  seco n d .
A s e n s itiv e  a n a ly tic a l m ethod fo r th e  d e te rm in a tio n  of c h lo r­
p ro p h am  re s id u e s  in  c r is p s  w as d ev eloped  u s in g  a c e to n itr ile  as 
e x tra c t in g  so lv e n t follow ed b y  an oü re d u c in g  s te p  w hich  w as 
e s s e n tia lly  a c o u n te r - c u r r e n t  se p a ra tio n  of ch lo rp ro p h am  a n d  c o -e x tra c t-  
ed  oil w ith  final q u a n tif ic a tio n  b y  gas ch ro m a to g rap h y  (G C) o r  h ig h  
p e rfo rm a n ce  liq u id  ch ro m a to g rap h y  (H PL C ). R eco v e ry  from  c r isp  
sam ples sp ik e d  w ith  ch lo rp ro p h am  was 93.2% ± 6 .37  an d  th e  minimum 
d e te c ta b le  am ount w as 0.035 i-ig/g w hen th e  GC w as u s e d . When th e  
HPLC w as th e  in s tru m e n t u se d  to  q u a n tify  th e  re s id u e s  th e n  a minimum 
of 0 .02  u g /g  cou ld  b e  d e te c te d  a n d  q u a n tif ie d .
A ch lo rp ro p h am  re s id u e  of 0 .45 M.g/g w as d e te c te d  in  c r is p s  
p ro d u c e d  from  s lic es  o rig in a lly  co n ta in in g  a 0.18 M.g/g r e s id u e .
I X
C h lo rp ro p h am  co n tam ina tion  of u n tr e a te d  m ateria l r e s u l te d  a f te r  f ry in g  
in  f r i e r s  w hich h a d  b e e n  p re v io u s ly  p ro c e ss in g  ch lo rp ro p h am  tr e a te d  
m a te ria l.
T he e x is t in g  l i te r a tu r e  c o n ce rn in g  th e  tra n s fo rm a tio n  of 
ch lo rp ro p h am  is rev ie w e d  in  C h a p te r  2, w ith  p a r t ic u la r  r e fe re n c e  to 
p o ta to e s  a n d  p o ta to  s to ra g e  s itu a tio n s  a lth o u g h  l i t t le  in fo rm ation  was 
av a ilab le  on th e  fa te  o f ch lo rp ro p h am  th a t  is ap p lied  to  th is  s ta p le  food .
R ad io labe lled  ch lo rp ro p h am  th a t  h a d  b een  s y n th e s is e d  b y  
Isa b e l B oyd in  th is  d e p a r tm e n t was p u r if ie d  u s in g  an alum ina c le a n -u p  
colum n an d  made re a d y  fo r  u se  in th e  b io tran sfo rm a tio n  s tu d ie s .
E rw inia c a ro to v o ra  v a r .  a tro s e p tic a  (b a c te r ia l  so ft r o t ) ,  
P o ly scy ta lu m  p u s tu la n s  ( s k in  sp o t) a n d  Phoma ex ig u a  v a r .  fo v ea ta  
(g a n g re n e )  w ere  grow n on s ta n d a rd  g ro w th  media a p a r t  from  th e  fa c t 
t h a t  la b e lle d  c h lo rp ro p h a m  h ad  b een  in c o rp o ra te d  in to  th e  m edia.
The E . c a ro to v o ra  v a r .  a t ro s e p t ic a , a fa c u lta t iv e  a n a e ro b e , 
w as c u l tu re d  u n d e r  b o th  ae ro b ic  a n d  an ae ro b ic  co n d itio n s . C om plete 
re c o v e ry  of th e  medium in c o rp o ra te d  rad io lab e l as  u n a l te re d  c h lo rp ro p ­
ham was o b s e rv e d .
In  th e  P . p u s tu la n s  s tu d y  com plete re c o v e ry  of th e  rad io lab e l 
w as n o t a c h ie v e d . U n a lte re d  ch lo rp ro p h am  c o n ta in ed  all o f th e  label 
th a t  w as e x t r a c te d ,  b u t  s in ce  only  incom plete re c o v e ry  of th e  ap p lied  
ra d io la b e l was a ch iev ed  th e n  it  is  in v a lid  to  s ta te  th a t  no m etabo lites  
w ere  p ro d u c e d .
In  th e  m etabolism  s tu d y  of th e  P . ex ig u a  v a r .  fo v e a ta , m ore 
com plete  re c o v e rie s  of th e  rad io lab e l from  th e  c u l tu re s  w ere  accom plished  
a n d  a w a te r  so lu b le  m etabo lite  w as d e te c te d . C h a ra c te r is a t io n  of th is
m etabo lite  w as n o t  p o ss ib le  b u t  some so lv e n t p a r t i t io n in g  c h a r a c te r ­
is t ic s  w ere  id e n tif ie d  as  w ere i t s  ch ro m a to g ra p h ic  b e h a v io u r  on  HPLC.
CHAPTER 1 
INTRODUCTION AND THESIS OBJECTIVES
1.1  INTRODUCTION
N ow adays a s izeab le  p ro p o rtio n  of th e  U n ited  K ingdom  p o ta to  
cro p  is  s to re d  fo r up to  n in e  m o n th s. T he p a t te rn  of consum ption  of 
dom estically  p r e p a re d  p o ta to  p ro d u c ts  show s a d is p ro p o r tio n a te ly  h ig h  
consum ption  d u r in g  th e  tra d itio n a l h a rv e s t  p e r io d  of m aincrop  v a r ie tie s  
(A non , 1981) an d  th e se  p o ta to e s  do n o t n e e d  to  b e  t r e a te d  w ith  a s p ro u t 
s u p p r e s s a n t .  T h e  p ro c e s s in g  in d u s t r y ,  fo r re a so n s  of econom y an d  
sh e lf  life  of th e ir  p ro d u c ts ,  re q u ire ^ a  m ore uniform  su p p ly  of p o ta to e s  
th ro u g h o u t th e  y e a r  a n d , in  a d d itio n , dogsnot sw itch  to u s in g  ea rly  
v a r ie t ie s  u n ti l  some time a f te r  dom estic u s e r s  of p o ta to e s  h av e  b een  
u ti lis in g  th e  new  c ro p . In  o rd e r  to  p ro d u c e  a b r ig h t  p r o d u c t ,  th e  
p ro c e s s o rs  a n d , in p a r t i c u la r ,  th o se  p ro c e s s o rs  e n g a g e d  in  c r is p  
m a n u fa c tu re  r e q u ir e  th e ir  p o ta to  su p p lie s  to be  of a low re d u c in g  s u g a r  
c o n te n t to  keep  th e  b ro w n in g  re a c tio n s  th a t  o ccu r d u r in g  f ry in g  to  a 
m inim um .
T he m ethod  u se d  to  minimise th e  accum ula tion  of re d u c in g  
s u g a r s  in th e  tu b e r s  is  to s to re  th e  p o ta to e s  a t 8 -10°C . P o ta to es  th a t  
a re ,s to re d  a t  te m p e ra tu re s  of 3-4°C fo r long  p e r io d s  r e s u l t  in  minimal 
s p ro u t  g ro w th  o v e r  p e r io d s  of up  to  one y e a r ,  while in  s to re s  th a t  a re  a t 
h ig h e r  te m p e ra tu re s ,  s p ro u t  g ro w th  is  ra p id  an d  w ith o u t th e  ap p lica tio n  
of s p ro u t  s u p p r e s s a n ts ,  s to ra g e  a t te m p e ra tu re s  of 8- 10°C w ould  be 
im possib le  (B u r to n , 1978).
In  B r ita in  th e  chem ical s p ro u t s u p p re s s a n ts  ava ilab le  a t 
p r e s e n t  a re  te c n a z e n e  ( 1 ,2 ,4 ,  5 - te t r a c h lo ro -3 -n i t ro b e n z e n e ) , 
ch lo rp ro p h am  ( iso p ro p y l N -( 3 -ch lo ro p h en y l) c a rb a m a t^ , ch lo rp ro p h a m / 
p ro p  ham ( iso p ro p y l N -p h e n y l carbam ate^ m ix tu re s  a n d  maleic h y d raz id e  
( 6 -h y d ro x y -2 H -p y r id a z in -3 -o n e ) . Of th e se  fo u r  o p tio n s  only  th e  f i r s t  
th r e e  a re  a p p ro v e d  on a b a s is  of s a fe ty  an d  e ffic ien cy  u n d e r  th e  
A g r ic u ltu re  Chem ical A p p ro v a l Schem e (A C A S). Maleic h y d ra z id e  had  
lim ited  c lea ran ce  on a r e s t r i c te d  a c re ag e  of p o ta to e s  in 1985 on th e  b a s is  
of s a fe ty .
T he u se  of maleic h y d ra z id e  to co n tro l s p ro u tin g  of onions in 
th e  U n ited  K ingdom  h a s  b e e n  a p p ro v e d  fo r m any y e a r s .  D esp ite  its  
w id e sp re a d  u se  in th e  U n ited  S ta te s  on th e  p o ta to  c ro p , it  w as only f i r s t  
g iv en  lim ited  P e s tic id e s  S a fe ty  P recau tio n  Schem e (P S PS ) c lea ran ce  for 
a p p lica tio n  to  th e  U n ited  K ingdom  p o ta to  c rop  in 1985. Maleic h y d ra z id e  
is  th e  on ly  com m ercial s p ro u t  s u p p re s s a n t  th a t  is ap p lied  p r e - h a r v e s t  to  
th e  p o ta to  crop  a n d  is  r e q u ir e d  to  b e  tra n s lo c a te d  to th e  tu b e r  to  be  
e ffe c tiv e  as  a s p ro u t  s u p p r e s s a n t .  I t  will b e  in te r e s t in g  to  see  if full 
PSPS c lea ran ce  is  o b ta in e d  fo r th e  1986 season  a n d  w h e th e r  it  will 
becom e e x te n s iv e ly  u s e d  in  th e  U nited  K ingdom .
P ropham  in com bination w ith  ch lo rp ro p h am  is  u se d  w idely in 
c o n tin e n ta l E u ro p e  fo r th e  su p p re s s io n  of p o ta to  s p ro u t in g ,  b u t  it is  n o t 
a s  w idely  u se d  in th e  U n ited  Kingdom as  th e  ch lo rp ro p h am  fo rm u la tio n s . 
T h e  two main s p ro u t  s u p p re s s a n ts  u se d  in th e  U n ited  Kingdom  th e n  a re  
te c n a z e n e  and  c h lo rp ro p h a m , w ith  th e  ch lo rp ro p h am  acc o u n tin g  fo r th e  
m ajo rity  of th e  p ro c e s s o r s  m ark e t.
T he a d v a n ta g e s  of ch lo rp ropham  o v e r  te c n a z e n e  in c lu d e  low 
c o s t,  ease  of a p p lica tio n  a n d  reap p lica tio n  an d  i ts  p o te n c y  a s  a s p ro u t
in h ib ito r .  C h lo rp ro p h am  is  "fo g g ed  on" to  s to re d  m ateria l as  an aeroso l 
a n d  th is  is u su a lly  a ch iev ed  by  p la c in g  th e  ap p lic a to r  b e tw een  th e  p a s s a g e ­
w ay in  a box  s to re  o r  a t th e  fan  in ta k e  of th e  v e n tila tin g  sy stem  of a b u lk  
s to r e .  T he v e n tila tin g  sy stem  of a box s to re  does n o t u tilis e  o u ts id e  a ir 
d u r in g  an d  ty p ica lly  fo r 24 h o u rs  a f te r  th e  aeroso l ap p lica tio n  as th is  
h e lp s  to  re d u c e  lo sse s  of th e  s p ro u t  s u p p re s s a n t  from th e  s to r e .  The 
ap p lica tio n  can b e  easily  r e p e a te d  w ith  th e  fre q u e n c y  of ap p lica tio n s  
b e in g  d e p e n d e n t on th e  ap p lica tio n  r a t e  u sed  and  th e  in te n s i ty  of 
v e n tila tio n . A ty p ic a l ap p lica tio n  r a te  w ould b e  20g c h lo rp ro p h a m /to n n e  
of p o ta to e s  an d  th is  w ould b e  r e p e a te d  e v e ry  8-12 w eeks (A non , 1985).
In th e  case  of te c n a z e n e  no fo g g ab le  fo rm ula tion  is  a t p r e s e n t  
av a ilab le  a n d  th is  co u p led  w ith  th e  in a b ility  of te cn azen e  to  co n tro l 
sp ro u tin g  a f te r  th e  b re a k  of do rm ancy  an d  its  re la tiv e ly  h ig h  co st r e s u l t s  
in lim ited  u se  of te c n a z e n e  in th e  p ro c e s s in g  in d u s t r y .  T ecn azen e  is ,  
h o w ev e r, o ften  u s e d  in  p ro c e s s o r s  s to re s  to  co n tro l s p ro u tin g  d u rin g  th e  
w ound  healing  p e r io d  s in ce  it does n o t a p p e a r  to  in h ib it  w ound healin g  of 
dam aged  tu b e r s  (M cGee, 1984).
I t  is p e rh a p s  w o rth  m ention ing  th a t  a lth o u g h  te c n a z e n e  is  n o t 
a s  s u ite d  to  la rg e  s to re  u se  as  fo g g ab le  c h lo rp ro p h a m , it  is s till w idely 
u se d  in sm aller o n -fa rm  s to re s  w h ere  so p h is tic a te d  v e n tila t in g  sy stem s 
a re  r a r e ly  a f e a tu re  of th e  s to ra g e  b u ild in g . T he a b sen ce  of a r e q u ir e ­
m ent fo r so p h is tic a te d  a p p lic a to rs  is o fte n  c o n s id e re d  an  a d v a n ta g e  by  
th e  in d iv id u a l g ro w e r . T he ab ility  to  t r e a t  b a tc h e s  a n d  its  a p p ro v e d  
u se  on seed  p o ta to e s  a d d s  to  i ts  f lex ib ility  on th e  fa rm . More im p o rta n tly , 
h o w e v e r, th e  s to ra g e  of se e d  g ra in  an d  o th e r  c ro p s  w hich  will b e  r e q u ir e d  
to  g erm inate  a t a la te r  d a te  is n o t p re c lu d e d  from b u ild in g s  th a t  w ere
u se d  to  s to re  te c n a z e n e  t r e a te d  m a te ria l. C erea l seed  s to re d  in a 
b u ild in g  th a t h a d  b een  p re v io u s ly  u se d  to  t r e a t  p o ta to e s  w ith  ch lo rp ropham  
h a s  becom e co n tam in a ted  a n d  su b s e q u e n t fie ld  em ergence  h a s  b een  poor 
(A non , 1975a).
1. 2 T h es is  O b jec tiv es
T o d ay , b e fo re  a new  chem ical re c e iv e s  c le a ra n c e  to  b e  u se d  in 
a g r ic u l tu re ,  a m assive  r e s e a r c h  e f fo r t  is  r e q u ire d  to  p ro d u c e  th e  
n e c e s s a ry  d a ta  re la t in g  to  th e  tox ico lo g y , m etabolism  a n d  re s id u e  
c h e m is try . In  th e  p a s t ,  h o w ev er, agrochem icals w ere  in tro d u c e d  w ithou t 
a s  g re a t  a r e s e a r c h  e f fo r t  in to  th e se  a sp e c ts  as w ould b e  r e q u ir e d  to d a y , 
a lth o u g h  u p g ra d in g  of th e  in fo rm ation  re la tin g  to  th e se  so -ca lled  back log  
chem icals is  r e q u e s te d ,  from  time to  tim e, b y  th e  M in is try  of A g r ic u ltu re , 
Food an d  F is h e r ie s  (M AFF).
T h e  o b je c tiv e s  of th is  th e s is  w ere to p ro v id e  ad d itio n a l 
in form ation  an d  in s ig h t  in to  th e  b e h a v io u r  of ch lo rp ro p h am  in p o ta to  
s to r e s .  T h is , h o w ev e r, d id  n o t in c lu d e  th e  s tu d y  of th e  d is tr ib u tio n  of 
ch lo rp ro p h am  w ith in  th e  s to re  an d  v a rio u s  tu b e r  r e s id u e s  th a t  r e s u l t  from 
th e  ap p lica tio n  of ch lo rp ro p h am  o r th e  h e ad sp ac e  c o n c e n tra tio n  a n a ly se s  
w hich w ere p a r t  of th e  w ork  of Isa b e l B oyd  an d  William D . B oyd , 
re s p e c t iv e ly . T h e  w ork d e s c r ib e d  h e re  w as to c e n tre  on th e  like ly  
s ite s  of m etabolism  of ch lo rp ro p h am  an d  th e  lo ss  of ch lo rp ro p h am  d u r in g  
th e  fry in g  p ro c e s s .
A t th e  b e g in n in g  of th is  w ork , re s id u e  le v e ls  in  th e  c r isp  
p ro d u c ts  h a d  on ly  b e e n  r e p o r te d  a s  le s s  th a n  th e  lim it of s e n s it iv ity  of 
th e  an a ly tica l m ethod  em ployed (0 .0 5  |ig /g )  b y  M artens  e t ^  (1971) an d
R u d d  (1959). R u d d  (1959) h a d  r e p o r te d  one re s id u e  f ig u re  w hich  was 
m arg in a lly  above th e  0 .05 p g /g  lim it of s e n s it iv ity  of th e ir  an a ly tica l 
m ethod , b u t  th is  w as in c r is p s  p ro d u c e d  from  tu b e r s  w hich h a d  a la rg e r  
th a n  norm al app lica tio n  of ch lo rp ro p h am  a n d  w ere only  s to re d  fo r a sh o r t  
p e r io d . C le a rly , if le s s  th a n  th is  v a lu e  was p re s e n t  m th e  c r is p ,  th e n  
s ig n if ic a n t am ounts of th e  ch lo rp ro p h am  re s id u e  m ust h av e  b e e n  lo s t 
d u r in g  th e  f ry in g  p ro c e s s  a n d  th e  m echanism s of th e se  lo s se s  w as in n eed  
of e lu c id a tio n .
A s r e g a r d s  th e  m etabolism  of ch lo rp ropham  b y  p o ta to  tu b e rs  
an d  in  th e  s itu a tio n  of th e  chem ical’s u s e ,  i . e .  a p o ta to  s to r e ,  li t t le  
sp ec ific  w ork h a s  b een  c a r r ie d  o u t on th e se  a s p e c ts .  M uch of th e  
r e p o r te d  w ork c e n tr e d  on im p ro v in g  th e  d is tr ib u tio n  an d  e fficacy  of th e  
s p ro u t s u p p re s s a n t .  T h e re  h a s  of c o u rse  b een  a g re a t  deal of m etabolism  
s tu d ie s  of ch lo rp ro p h am  b u t  om ission of th e  case w here  th e  app lica tio n  of 
th is  ag rochem ica l was d ire c tly  on to  th e  ed ib le  tu b e r  seem s s u r p r is in g .  
A lth o u g h  on ly  re la tiv e ly  small d o ses  a re  ap p lied  to th e  tu b e r ,  re la tiv e ly  
la rg e  re s id u e s  rem ain  in com parison  to th e  o th e r  u se s  of ch lo rp ro p h a m . 
O th e r  a p p ro v e d  u se s  in c lu d e  sp ra y in g  on to  b a re  g ro u n d  a s  a p re -e m e rg e n c e  
h e rb ic id e  o r onto  th e  small e x p o se d  p la n t  p a r t s  w hen u s e d  a s  an ea rly  
p o s t-e m e rg e n c e  h e rb ic id e , a n d  i ts  u se  in  th e se  c irc u m sta n c e s  r e s u l t s  in 
v e ry  small crop  r e s id u e s .  Much of th e  e a r ly  m etabolism  w ork  w as to 
d e te rm in e  th e  m echanism  of ac tio n  a n d  to  ex p la in  th e  to le ra n c e  an d  
su sc e p tib il i ty  th a t  e x is ts  b e tw een  p la n t s p e c ie s .
T he s ite s  of tra n s fo rm a tio n  of th e  ch lo rp ropham  cou ld  be  
d iv id e d  in to  b io logical a n d  n o n -b io lo g ic a l. T he non -b io log ica l tra n s fo rm ­
a tio n  s ite s  w ere n o t c o n s id e re d  in th is  s tu d y  since it  w as th o u g h t th a t
in v e s t ig a tio n s  b y  o th e rs  would h av e  id e n tif ie d  an y  major non -b io log ica lly  
im plicated  tra n s fo rm a tio n s . In  th e  case  of b io logical s i te s  of tra n s fo rm ­
a tio n , it  is im p o rtan t to  t r y  an d  m ain tain  a d e g re e  of a u th e n tic i ty  in su c h  
s tu d ie s  an d  re le v a n c e  to  th e  p o ta to  s to re  s itu a tio n . O bv iously  th e  m ost 
re a lis t ic  system  to  em ploy w ould b e  th a t  of th e  s to re  i ts e lf .  H ow ever, 
w ith o u t p re v io u s  know ledge of w hat tra n s fo rm a tio n  w ould o c c u r , th e  
o p e ra tio n  of su c h  a sy stem  would be im possib le . U n d e r su c h  a system  
on ly  q u a n tif ic a tio n  of p re v io u s ly  id e n tif ie d  m e tabo lites  cou ld  b e  u n d e r ­
ta k e n  .
Id e n tif ic a tio n  of m etabo lites is a f i r s t  s te p  a n d  rad io lab e llin g  
of ch lo rp ro p h am  is  an  in v a lu ab le  an a ly tica l tool in th is  r e s p e c t  b u t ,  a t 
th e  same tim e, w ould p r e v e n t  su c h  a s tu d y  from b e in g  c a r r ie d  o u t in a 
la rg e  com mercial s to r e .  T he  b io logical sy stem s h a d  to  b e  sim plified  in to  
s in g le  com ponent sy s te m s  w hich it  was th o u g h t m ight tra n s fo rm  c h lo r­
p ro p h am . A lth o u g h  th is  s im plis tic  ap p ro a c h  w ould n o t b e  ab le  to  
e lu c id a te  in te ra c t io n s  be tw een  th e  m any b io logically  a c tiv e  a re a s  w hich 
a re  p o te n tia lly  s ite s  of p e s tic id e  tra n s fo rm a tio n , i t  w as th o u g h t to  b e  
m ore m anageable s in ce  g ro w th  reg im es , e x tra c tio n  sy s tem s  an d  
id e n tif ic a tio n  of m e tab o lites  w ould b e  le s s  com plex.
CHAPTER 2: M etabolism  of C h lo rp ropham
R eview s th e  l i te r a tu r e  on th e  m etabolic fa te  of ch lo rp ro p h am , 
n o t only  w hen u s e d  as a s p ro u t  s u p p r e s s a n t ,  b u t  a lso  i t s  m etabolism  b y  
m ic ro -o rg an ism s , anim als an d  p la n ts ,  s ince  th e  ty p e  of tra n s fo rm a tio n s  
th a t  o ccu r a re  o ften  n o t u n iq u e  to  an y  one o rgan ism  o r c la ss  o r o rg an ism .
CHAPTER 3: T he  D eterm ination  of C h lo rp ropham  R e s id u e s  in  C r isp s
T he in itia l aim of th is  s tu d y  was to develop  a m ethod fo r th e  
d e te rm in a tio n  of ch lo rp ro p h am  re s id u e s  a t low le v e ls  in c r is p s  an d  c r is p  
f ry in g  oü a n d  to  d e te rm in e  th e  m echanism  of lo ss  of th e  ch lo rp ropham  
re s id u e  from  p o ta to e s  d u r in g  th e  c r is p  m a n u fa c tu rin g  p ro c e s s .
CHAPTER 4: H igh  P r e s s u r e  L iq u id  C h ro m a to g rap h y
T h is  c h a p te r  d e s c r ib e s  th e  c h ro m a to g ra p h , column p ack in g  
te c h n iq u e s ,  o p e ra tio n  a n d  u se  of th e  ch ro m a to g rap h , a s  well as  some 
b a c k g ro u n d  th e o ry .
CHAPTER 5; T he S y n th e s is  a n d  P u rif ic a tio n  of R ad io lab e lled  C h lo rp ropham
T he o b je c t of th is  w ork  was to  p u r ify  a n d  q u a n tify  th e  to ta l 
am ount of ra d io la b e lle d  ch lo rp ro p h am  av aü a b le . T h e  a c tiv ity  of th e  
rad io lab e lled  ch lo rp ro p h am  th a t  h a d  b een  p re v io u s ly  s y n th e s is e d  b y  
Isa b e l B oyd  w as a lso  d e te rm in e d .
CHAPTER 6: T he  M etabolism of C h lo rp ropham  b y  E rw in ia  ca ro to v o ra
v a r .  a tro s e p tic a
T h e  o b jec t of th is  s tu d y  was to  id e n tify  th e  m etabo lites  of 
ch lo rp ro p h a m  p ro d u c e d  b y  th e  cau sa l a g e n t of b a c te r ia l  so ft r o t  of 
p o ta to e s .
CHAPTER 7: T he M etabolism of C h lo rp ro p h am  b y  P o lyscy ta lum  p u s tu la n s
T h e  aim of th is  in v e s tig a tio n  was to  id e n tify  th e  m etabo lites 
of ch lo rp ro p h am  p ro d u c e d  b y  th e  fu n g u s  re s p o n s ib le  fo r th e  developm ent 
of sk in  sp o t on p o ta to e s .
CHAPTER 8: T he  M etabolism of C h lo rp ro p h am  b y  Phom a ex ig u a  v a r .
fo v ea ta
T h e  p u rp o s e  of th is  s tu d y  w as to  id e n tify  th e  m etab o lites  of 
ch lo rp ro p h am  p ro d u c e d  b y  th e  fu n g u s  re s p o n s ib le  fo r  th e  developm ent of 
g a n g re n e  in  p o ta to e s .
CHAPTER 9: C onclu sions
T he ro le  of th is  c h a p te r  w as to  d is c u s s  th e  f in d in g s  of th is  
w o rk , d raw  some co n c lu sio n s  an d  m ake some s u g g e s tio n s  fo r  f u r th e r  
w o rk .
CHAPTER 2 
METABOLISM OF CHLORPROPHAM
C hlo rp ro p h am  is th e  common nam e u se d  fo r  iso p ro p y l N- 
( 3 -ch lo ro p h e n y l)  ca rb am ate  . Iso p ro p y l 3 -c h lo ro c a rb a n ila te  an d  
iso p ro p y l m -c h lo ro c a rb a n ila te  have  also b een  u se d  a n d  th e  chem ical 
a b s tr a c t in g  se rv ic e  of th e  A m erican Chem ical S ocie ty  (A C S) id e n tify  
ch lo rp ro p h am  b y  i t s  carbam ic acid  p a r e n t  com pound a n d  th e  N -3- 
ch lo ro p h e n y l d e r iv a tiv e  an d  th e  1 -m eth y le th y l e s te r .  T he  chem ical 
a b s t r a c ts  (CA) r e g is t r a t io n  num ber of ch lo rp ro p h am  is  [1 0 1 -2 1 -3 ]. 
T r iv ia l nam es of C h lo ro -IP C  and  CIPC a re  also u s e d .
N H .C O .O C H (C H _)
3 "  2
C £ C hlo rp ropham
C h lo rp ro p h am  is one of th e  p h en y lca rb am a te  g ro u p  of p e s t ic id e s .  
P ropham  is  a c losely  r e la te d  analogue of ch lo rp ro p h am  w ith  th e  only 
d iffe re n c e  in  th e  chem ical s t r u c tu r e  b e in g  th a t  no c h lo rin e  atom is 
a t ta c h e d  to  th e  p h e n y l r in g .
T he  ra n g e  of agrochem ical u s e s  of p ropham  a re  sim ilar to 
ch lo rp ro p h am  in c lu d in g  th e  u se  of b o th  as s p ro u t  s u p p r e s s a n ts  on 
p o ta to e s  a lth o u g h  ch lo rp ro p h am  is u su a lly  th e  main c o n s ti tu e n t  of th e  
ac tiv e  in g re d ie n ts  in  p o ta to  sp ro u t s u p p re s s a n t  fo rm u la tio n s  (V lie t an d  
S p a re n b e rg , 1970) a n d  in th e  U n ited  K ingdom  only  a small am ount of 
th e  p ropham  c o n ta in in g  s p ro u t  s u p p re s s a n t  fo rm ulation  is  u s e d  (F re n c h , 
1976).
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T he m etabolism  of ch lo rp ro p h am  d ire c tly  r e la te d  to  i ts  use as 
a s p ro u t  s u p p re s s a n t  h a s  b een  in v e s tig a te d  b y  Coxon a n d  F ilm er (1985), 
Ju m ar an d  S ie b e r (1964) an d  H eikes (1985). Ju m ar a n d  S e ib e r (1964) 
w ere p rim arily  c o n c e rn e d  w ith  d e te rm in in g  th e  e f fe c ts  of s to ra g e  
co n d itio n s  on th e  re s id u e  of ch lo rp ro p h am  rem ain in g  in o r on th e  
p o ta to e s . T h ey  u s e d  c h lo rin e -3 6 -la b e lle d  ch lo rp ro p h am  to  m onitor th e  
r e s id u e  of ch lo rp ro p h am  rem ain in g  in  a n d  on p o ta to e s  d u r in g  th e  s to ra g e  
seaso n  an d  cou ld  d e te c t no ch lo rp ro p h am  m etabo lites  in d ich lo rom ethane  
e x t r a c ts  of p o ta to e s . T h e  in v e s tig a tio n s  of Ju m ar a n d  S e ib e r (1964), 
w ere e s se n tia lly  p a ra lle le d  b y  S te in b e is s  ( 1972) a n d  P e isk e r  e t
(1972) who u se d  c a rb o n -  14-labe lled  (in  th e  iso p ro p y l m oiety) c h lo rp ro p ­
ham b u t  no a tte m p t w as made to  id e n tify  any  m etabo lites  w hich may have  been  
p ro d u c e d . C oxon a n d  F ilm er (1985) u se d  d u a l- la b e lle d  ch lo rp ropham  
c o n ta in in g  b o th  a c h lo rin e -3 6 -la b e l, an d  a c a rb o n -1 4 -la b e l ( in  th e  iso ­
p ro p y l m oiety) in  w h at w as e s se n tia lly  a d is tr ib u tio n  a n d  vo la tilisa tio n  
s tu d y  w ithin  c o n ta in e rs  of p o ta to e s . Coxon an d  F ilm er u se d  th in  la y e r  
ch ro m a to g rap h y  (T L C ) ra d io sc a n n in g  of m ethanolic e x t r a c ts  of p o ta to e s  
a n d  d e te c te d  a m etabo lite  more p o la r  th a n  ch lo rp ro p h am  b u t  only  0.1% 
of th e  am ount a p p lie d  to  th e  p o ta to e s  h ad  b een  m e tab o lised  a f te r  a 
s to ra g e  p e r io d  of 34 w eek s .
T he  on ly  p o ta to  m etabolite  of ch lo rp ro p h am  to  h av e  been  
id e n tif ie d  a n d  c h a ra c te r is e d  was th a t  o b se rv e d  b y  H eikes ( 1985).
H eikes is  a m em ber of th e  T o ta l D iet P rog ram  Team w hich  m onitors 
r e s id u e s  of p e s t ic id e s ,  am ong o th e r  th in g s ,  in  th e  U n ited  S ta te s  n a tio n a l 
food su p p ly  u n d e r  th e  d ire c tio n  of th e  U n ited  S ta te s  Food an d  D rug  
A d m in is tra tio n .
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D u rin g  th e ir  ro u tin e  a n a ly s is  of food sam ples i t  was n o ticed  
th a t  u n id e n tif ie d  an a ly tica l r e s p o n s e s  h ad  b een  a s so c ia te d  w ith  p o ta to  
p ro d u c ts  w hich also  co n ta in ed  a re s id u e  of c h lo rp ro p h a m . When 
u n id e n tif ie d  an a ly tica l re s p o n s e s  cou ld  n o t b e  show n to  be  a t tr ib u ta b le  
to  a know n p e s tic id e  o r co n tam in a tin g  in d u s tr ia l  p o llu ta n t th e y  becam e 
c a n d id a te s  fo r a n a ly s is  by  m ass s p e c tro m e try . I t  was s u b se q u e n tly  
show n th a t  th e  u n id e n tif ie d  a n a ly tic a l re sp o n se  a s so c ia te d  w ith  th e  
ch lo rp ro p h am  re s id u e s  of p o ta to e s  was due to  th e  p re s e n c e  of iso p ro p y l 
N -( 3 -c h lo ro -4 -m e th o x y p h e n y l)c a rb a m a te  in  th e  e x t r a c t  of p o ta to e s .
^ ^ N H . C O .O C H ( C H ^ ) 2
iso p ro p y l N - ( 3 -ch lo ro -4 -m e th o x y p h en y l)  ca rb am ate
T he b io tra n s fo rm a tio n  of ch lo rp ro p h am  to  i ts  m ethoxy 
s u b s t i tu te d  ana logue  was con firm ed  b y  tre a tin g  p o ta to e s  w ith  c h lo r­
p ropham  an d  m onito ring  th e  a p p e a ra n c e  of th e  m e tab o lite . T he 
c o n c e n tra tio n  of th e  m e th o x y la ted  ch lo rp ro p h am  b u il t  up  so th a t  a f te r  
a s to ra g e  p e r io d  of six  w eeks 1% of th e  ch lo rp ro p h am  in itia lly  ap p lied  
h a d  b een  m etabo lised .
A p a r t from th e  w ork  of th e  above r e s e a r c h  w o rk e rs  no o th e rs  
h av e  p u b lish e d  w ork re la tin g  to  th e  tra n s fo rm a tio n  of ch lo rp ro p h am  w hen 
u se d  in  a p o ta to  s to ra g e  s itu a tio n . T h a t is  n o t to  sa y  how ever th a t  
none  of th e  o th e r  w ork  c o n c e rn in g  th e  fa te  of ch lo rp ro p h am  is n o t 
r e le v a n t  to  p o ta to  s to ra g e  s in ce  p a th w a y s  of b io tra n s fo rm a tio n  a re  o ften  
n o t u n iq u e  to  one s itu a tio n  o r  o rg an ism .
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T he fa te  of ch lo rp ro p h am  in th e  en v iro n m en t can  b e  d iv id ed  
in to  biological an d  n o n -b io lo g ica l im plicated  "loss m echanism s". T he 
p h y s ic a l c h a ra c te r is t ic s  of an  agrochem ical in flu en ce ; i ts  r a te  of 
rem oval from th e  im m ediate en v iro n m en t of th e  ap p lica tio n ; i ts  s e g re g ­
ation  by  com partm entalism  o r  occlusion  from  th e  s ite  of a c tio n ; an d  
th e  r a te  of in a c tiv a tio n  of th e  ag rochem ica l. T he r a te  of rem oval of 
a f ie ld  ap p lied  chem ical is  a f fe c te d  b y  its  w a te r so lu b ility , i t s  so rp tio n -  
d e so rp tio n  c h a ra c te r is t ic s  in  th e  soil an d  th e  v o la tility  of th e  a g ro ­
chem ical. A lth o u g h  ra in fa ll is  n o t a co n s id e ra tio n  in  p o ta to  s to re  u se s  
of ch lo rp ropham  i ts  a d so rp tio n  to  th e  soil p a r tic le s  w hich a d h e re  to  th e  
su rfa c e  of th e  p o ta to e s  sh o u ld  be c o n s id e re d . V olatility  of th e  ch lo r­
p ropham  is an im p o rta n t fa c to r  when it is u se d  as  a s p ro u t s u p p re s s a n t .
L o sses  of ch lo rp ro p h a m  in th e  v e n tila tin g  a ir an d  r e d i s t r i ­
b u tio n  w ithin  th e  p o ta to  s to c k s  h a s  b een  show n (B o y d , 1984; C oxon 
a n d  F ilm er, 1985; P e isk e r  e t a l . ,  1972; S te in b e is s , 1972; C o rs in i 
e t a l . ,  1979). A d so rp tio n  on to  soil p a r tic le s  can  a ffec t th e  av a ilab ility  
fo r  d e g ra d a tio n  (H u rle , 1980) ju s t  as th e  a d so rp tio n  of ch lo rp ro p h am  
b y  soil p a r tic le s  in  a q u e o u s  su sp e n sio n  can  a ffe c t i ts  av a ilab ility  fo r 
microbicd tra n s fo rm a tio n s  (S te e n  e^ a l . ,  1980). S ince p h o to ly s is  of 
ch lo rp ro p h am  h as  b een  d e m o n s tra te d  in aq u eo u s  m edia to  y ie ld  an 
h y d ro x y  la te d  b ip h e n y l (T a n k a  e t , 1984) th e n  it  is like ly  th a t  
v o la tility  as well a s  w a te r  so lu b ility  will in flu en ce  th e  p ro p o rtio n  w hich 
is  tra n s fo rm e d  in th is  w ay.
T he s ta b i li ty  of th e  agrochem ical to w ard s  a t ta c k  b y  ac id  an d  
a lka li an d  its  s ta b ili ty  in  o x id a tio n  / re d u c tio n  sy s tem s  may a ffe c t th e  
tim e p e rio d  th a t  i t  p e r s i s t s  a t p hysio log ica lly  e ffec tiv e  c o n c e n tra tio n s .
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T he p a r ti t io n  co e ffic ien t of a p e s tic id e  d isp la y ed  in  an 
o c ta n -  1 -o l/w a te r  sy stem  can  b e  u s e d  as  an in d ica tio n  of th e  likelihood  
of b ioaccum ulation  of a chem ical an d  may r e s u l t  in it b e in g  c o n c e n tra te d  
in p a r t s  of th e  bod y  w hich  a re  le s s  ex p o sed  to  th e  xen o b io tic  m eta­
b o lis in g  a p p a ra tu s  of an anim al. A lth o u g h  th e  o c ta n o l/ w ater p a r ti t io n  
co e ff ic ien t of ch lo rp ropham  w ould g ive a f ig u re  th a t  w ould s u g g e s t  
th a t  b ioaccum ulation  was p o s s ib le , th e  e x c re ta ry  system  of anim als 
g e n e ra lly  r e s u l ts  in r a p id  rem oval of ch lo rp ro p h am  from b o d y  t i s s u e s .  
B ioaccum ulation  of ch lo rp ro p h am  h a s  n o t b een  d em o n stra ted  in  mammals 
b u t  i t  h a s  b een  o b s e rv e d  in  f ish  an d  c ru s ta c e a n s  in model eco sy stem s 
(E rb  e t  a l . , 1980).
In  th e  case  of m etabolism  of ch lo rp ro p h am  in  th e  soil 
e n v iro n m en t h y d ro ly s is  o f th e  ch lo rp ro p h am  molecule y ie ld s  3 -ch lo ro - 
a n ilin e , p ro p a n -2 -o l a n d  c a rb o n  d io x id e . S o ils , p u re  m icrobial 
c u l tu r e s  an d  iso la ted  enzym e sy s tem s  h av e  all been  show n to  p ro d u c e  
th e se  p ro d u c ts  from ch lo rp ro p h a m  (K aufm an , 1967; K aufm an a n d  
K e a rn e y , 1965; K ea rn ey  a n d  K aufm an, 1964). T he p ro d u c tio n  of th e se  
p ro d u c ts  follows th e  h y d ro ly s is  of th e  e s te r  o r  amide b o n d  of th e  
c a rb a m a te  lin k a g e . H y d ro ly s is  of th e  e s te r  b o n d  y ie ld s  p ro p a n -2 -o l 
a n d  3 -ch lo ro p h en y lcarb am ic  ac id  w hich sp o n tan eo u s ly  decom poses to  
3 -ch lo ro an ilin e  an d  c a rb o n  d io x id e . Amide h y d ro ly s is  on th e  o th e r  
h a n d  y ie ld s  3 -ch lo ro an ilin e  a n d  iso p ro p y l c a rb o n a te  w hich sp o n ta n e o u s ly  
decom poses to  p ro p a n -2 -o l an d  c a rb o n  d io x id e . On th e  b a s is  of th e  
p r o d u c ts ,  th e re fo re ,  i t  is  n o t p o ss ib le  to  say  w hich m echanism  of 
h y d ro ly s is  of th e  ca rb a m ate  lin k ag e  o p e ra te s .
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D uring  th e  la te  1960's an d  e a r ly  1970's th e re  was c o n s id e ra b le  
co n ce rn  o v e r th e  fo rm ation  of azo b en zen es  from p e s tic id e  d e r iv e d  
a n ilin e s . Small am oun ts  of 3, 3 '~ d ich lo roazobenzene h av e  b een  show n to  
h av e  b een  p ro d u c e d  in soil when 0 .05g  o r O .lg  of 3 -ch lo ro an ilin e  was 
a d d e d  to 50g of so il. T h is  h ow ever r e p re s e n ts  an  an ilin e  ap p lica tio n  
of the  eq u iv a len t of 1,000 o r 2,000 k g /h a  fo r each  10 cm d e p th  of soil 
(B a r th a  e t ^ . , 1968; K earn ey  e t a l . ,  1969). 3, 3 '-D ich lo ro azo b en zen e
h a s  n o t b een  d e te c te d  in  com m ercial fie ld s  w here ch lo rp ro p h am  h a s  b een  
ap p lied  as a h e rb ic id e .
C& C&
3, 3 '-d ich lo ro azo b en ze n e  
H ow ever, t r a c e s  of 3, 3 ', 4 ,4 '- te tra c h lo ro a z o b e n z e n e  h av e  b een  d e te c te d  
in  r ic e  fie ld s  t r e a te d  w ith  th e  h e rb ic id e  p ro p  anil (N -(  3 , 4 -d ich lo ro p h en y l)  
prop ionam ide) w hich  y ie ld s  th e  3 , 4 -d ich lo roan iline  on h y d ro ly s is .  
E le c tro n e g a tiv e  s u b s t i tu e n ts  in th e  3 po sitio n  of th e  r in g  r e d u c e s  th e  
like lihood  of azobenzene  p ro d u c tio n  in  iso la ted  enzym e s tu d ie s  an d  th e r e ­
fo re  ch lo rp ropham  d e r iv e d  3 -ch lo ro an ilin e  is u n lik e ly  to  y ie ld  3 ,3 '- d i -  
ch lo ro azo b en zen e  u n d e r  fie ld  co n d itio n s  (B o rd e leau  a n d  B a r th a ,  1972).
A m icrobial invo lvem en t in soil m etabolism  of ch lo rp ro p h am  h as  
b een  show n b y  th e  re d u c tio n  in m etabolism  following soil in c o rp o ra tio n  
of a m icrobial in h ib ito r  (F le tc h e r  an d  K irkw ood, 1982) a n d  w hen 
in c u b a tio n  co n d itio n s  a re  co n d u c iv e  to  m icrobial a c t iv ity  ch lo rp ro p h am  
tran s fo rm a tio n  is  r a p id  ( H e r r e t ,  1969). In c o rp o ra tio n  of r in g  lab e lled
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ch lo rp ro p h am  (a n d /o r  i t s  m etab o lites) in to  th e  soil o rg an ic  m a tte r h as  
b e e n  n o te d  (K aufm an , 1967). C h loroam inophenols h av e  b een  d e te c te d  
a s  m etabo lites  of ch lo rp ropham  in soil b y  F le tc h e r  an d  K aufm an ( 1979) 
a n d  th e y  s u g g e s t  th a t  once fo rm ed  th e y  a re  q u ick ly  in c o rp o ra te d  in to  
th e  soil o rg an ic  m a tte r . C u ltu re s  of a lgae  too h av e  b een  show n to 
h y d ro ly s e  ch lo rp ro p h am  to  y ie ld  3 -ch lo roan iline  (W righ t an d  M aule, 1981). 
I t  is  lik e ly  th a t  th e  a c tiv ity  of th e  soil in h a b itin g  m icrobial p o p u la tio n  
on w hich  ch lo rp ropham  tra n s fo rm a tio n  in soil d e p e n d s  w ould b e  low in 
p o ta to  s to re s  due to  th e  small am oun ts of th e  a d h e r in g  soil b e in g  
re la tiv e ly  d ry  a n d  th e  s to ra g e  te m p e ra tu re s  be ing  cool.
T he  r e s e a rc h  e f fo r t  on th e  metabolism  of ch lo rp ro p h am  in p la n ts  
h a s  b e e n  e x te n s iv e . D u rin g  th e  la te  1960's an d  th ro u g h  th e  1970's much 
of th is  e f fo r t  c o n c e n tra te d  on f in d in g  a ro le  fo r a d if fe re n tia l to x ic ity  
m echanism  of c h lo rp ro p h a m . T h e  idea  was th a t  if a r a p id  r a te  of 
m etabolism  of ch lo rp ropham  was o b s e rv e d  in to le ra n t p la n t sp ec ie s  an d  
if th e se  m etabo lites  w ere of low er h e rb ic id a l a c tiv ity  th e n  th is  cou ld  b e  
u s e d  to  ex p la in  th e  se le c tiv ity  of ch lo rp ropham  as a h e rb ic id e .
P r  en de v ille  e t (1968) s tu d ie d  th e  m etabolism  of ch lo rp ropham  
in  th r e e  p la n t sp ec ie s  of d if fe r in g  su sc e p tib ili tie s  to  ch lo rp ro p h am  an d  
o b s e rv e d  th e  form ation of w a te r  so lub le  m etabo lites in all th r e e  sp e c ie s . 
T h is  was follow ed b y  Jam es an d  P rendevU le  ( 1969) who id e n tif ie d  th e  
p la n t  m e tabo lites  a s  b e in g  g -g lu c o s id e s . T hey  r e p o r te d  th a t  no a ry l 
h y d ro x y la tio n  h a d  o c c u rre d  b u t  th a t  th e  a lk y l m oiety h a d  b een  
m odified . T h e  U nited  S ta te s  D ep a rtm en t of A g r ic u ltu re  M etabolism  a n d  
R ad ia tion  R e se a rc h  L a b o ra to ry  in  F a rg o , N o rth  D akota th e n  co n tin u e d
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w ith th e  e f fo r ts  to  id e n tify  if m etabolic in a c tiv a tio n  was re sp o n s ib le  fo r 
th e  d if fe re n tia l  to x ic ity  of ch lo rp ro p h a m . S till an d  M ansager (1971) 
r e p o r te d  th a t  p o la r w a te r  so lub le  m etabo lites w ere  f i r s t  fo rm ed  an d  th e n  
co n ju g a tio n  w ith  p la n t com ponen ts  r e n d e re d  them  in so lu b le  a n d  th a t  th e  
p ro p y l m oiety was u n c h a n g e d  b y  so y b e a n s . S till a n d  M ansager ( 1972) 
r e p o r te d  th e  p o la r w a te r so lu b le  m etabolite  as iso p ro p y l N -( 3 -c h lo r0 -4 - 
h y d ro x y  p h e n y l)  c a rb a m a te .
N H .C O .O C H (C H ^)^
iso p ro p y l N -( 3 -c h lo ro -4 -h y d ro x y p h e n y l)c a rb a m a te  [4 -h y d ro x y -
ch lo rp ro p h am  ]
L a te r ,  S till an d  M ansager (1973a) r e p o r te d  th a t  iso p ro p y l N -(5 -c h lo ro -  
2 -h y d ro x y p h e n y l)  ca rb a m ate  w as also  a m etabolite  of ch lo rp ro p h am  in 
s o y b e a n s . OH
N H .C O .O C H (C H ^)^
iso p ro p y l N -( 5 -c h lo ro -2 -h y d ro x y p h e n y l)c a rb a m a te  [ 2 -h y d ro x y -
ch lo rp  r  op ham ]
C ucum ber p la n ts  cou ld  a lso  m etabolise ch lo rp ro p h am  to  y ie ld  4 -h y d ro x y -  
ch lo rp ro p h am  (S till a n d  M an sag er, 1973b). I t  was s u b se q u e n tly  
s u g g e s te d  th a t  no sim ple d if fe re n tia l p h y to to x ic  m echanism  w as o p e ra tin g  
(S till e t  ^ .  , 1974a),
T h e  form ation  of an  S -c y s te in y l c o n ju g a te  of ch lo rp ro p h am  (a s  
an  a ry l th io e th e r)  w ith o u t th e  lo ss  of th e  ch lo rin e  o r  th e  h y d ro x y l 
g ro u p  from  4 -h y d ro x y c h lo rp ro p h a m  was show n to b e  e f fe c te d  b y  ex c ised
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oat s eed lin g  shoo t t ip s  o r  roo t  sy s tem s  (S til l  and  R u s n e s s ,  1977) a n d  b y  
a p a r t ia l ly  p u r i f i e d  enzym e from oat (R u s n e s s  an d  S til l ,  1977).
A s t r a ig h t f o r w a r d  exp lana tion  of se lec tive  to x ic i ty  b a s e d  on 
d if f e re n t ia l  r a t e s  of metabolism of ch lo rp ropham  to m etabo lites  of 
d i f f e r e n t  tox ic it ies  is  y e t  to  be p u t  fo rw a rd .  I t  may b e  th a t  th e  ea r ly  
id e a s  of th e se  w o rk e rs  th a t  th e  ch lo rp ropham  co n v e rs io n  to  p o la r  
m etabo li tes  an d  th e n  to  in so lub le  r e s id u e s  may be  p a r t i a l ly  r e s p o n s ib le  
fo r  th e  se lec tiv i ty  of c h lo rp ro p h a m .
P lan t  metabolism of ch lo rp ropham  can  be  summed up  as  follows:
1. C leavage  of th e  ca rb a m ate  linkage  is  n o t  o b s e rv e d .
2. A ry l  h y d ro x y la t io n  is w id esp read  an d  d e p e n d in g  on th e  p la n t  
spec ie s  can  b e  r a p id .
3. C on juga tion  of th e  h y d ro x y la te d  ch lo rp ropham  o f ten  o c c u r s  most 
commonly with g lucose  or c y s te i n e .
4. A lkyl h y d ro x y la t io n  also o c c u r s .
5. A la rg e  p ro p o r t io n  of app lied  ch lo rp ropham  is s u b s e q u e n t ly  
d e te c te d  as  in  in so lub le  r e s id u e .
Animal metabolism is ou tw ith  th e  scope of th i s  th e s i s  b u t  m etabolites  
w hich  h av e  b e e n  r e p o r t e d  a re  w orthy  of exam ination b e c a u s e  some of th e  
de g r  a da t ive  p a th w a y s  a r e  similar to  non-mammalian s y s te m s .  Animal 
metabolism of c h lo rp ro p h a m  h a s  b een  rev ie w e d  b y  R yan  ( 1971) an d  
Menzie (1978).
R ap id  metabolism of ch lo rp ropham  o ccu rs  in  anim als .
E x c re t io n  of th e  rad io lab e l  from r a t s  o ra lly  dosed  w ith p h e n y l  ( r in g )  
la b e lle d  ch lo rp ro p h am  show ed more th a n  80% of th e  a d m in is te re d  label
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a p p e a re d  in th e  u r in e  an d  re s p i r a t io n a l  gases  a c c o u n te d  fo r  5%
(F a n g  e t , 1975) an d  th e  faeces  only  con ta in ed  3-4% (B obik  e t  a l . ,
1972) o v e r  a p e r io d  of 2-3 d a y s .  When iso p ro p y l  labe lled  ch lo rp ropham  
was a d m in is te re d  th e  r e s p i r e d  a ir  co n ta in ed  35% of th e  to ta l  dose an d  
th e  u r in e  c o n ta in ed  only 56% (F an g  e t  , 1974). T h e re fo re  
h y d ro ly t ic  c leavage  of th e  ca rbam ate  l inkage  was e f fe c te d  in th e  r a t .
I n  th e  case of p ro p h am , th e  closely r e la te d  analogue  of ch lo rp ropham  
only  a b o u t 5% of th e  to ta l r a d io a c t iv i ty  ad m in is te re d  as  iso p ro p y l 
labe lled  p ro p h am  was los t  t h r o u g h  r e s p i r e d  air (F a n g  e t  a l . ,  1974).
A h y d ro ly t ic  ro le  fo r  th e  g u t  m icroflora is n o t  l ike ly  s ince p r io r  
elimination of th e  m icroflora in th e  g u t  r e s u l t e d  ia  no major ch an g e  in 
th e  metabolic p r o d u c t s  of ch lo rp ro p h am  (B obik  e t  , 1972).
A ry l  h y d ro x y la t io n  in th e  4 position  of th e  r in g  is the  most 
e x te n s iv e  t ra n s fo rm a tio n  o c c u r r in g  in  animals. H y d ro x y la t io n  a t th is  
p os ition  o c c u rs  w ith  b o th  in ta c t  ch lo rp ropham  a n d  i t s  h y d ro ly s e d  
p ro d u c t s  (G runow  e t  al. , 1970) . A ry l  h y d ro x y la t io n  in th e  2 position  
is  le s s  fa v o u re d  with only 6-15% of th e  to ta l  a d m in is te re d  c a r b o n - 14- 
labe lled  ch lo rp ro p h am  d isp la y in g  su b s t i tu t io n  a t  th i s  pos ition  in 
com parison to 55-70% b e in g  h y d ro x y la te d  a t  th e  4 pos ition  (R y an ,  1971).
Once th e  ch lo rp ropham  h a s  b e e n  h y d ro x y la te d  su lp h a te  and  
g lu c u ro n id e  c o n ju g a te s  a re  form ed a n d  e x c re te d  in th e  u r in e  with th e  
s u lp h a te  e s t e r  b e in g  th e  major m etabo lite . T he  an ilines  p ro d u c e d  b y  
h y d ro ly s is  of th e  ca rbam ate  l in k ag e  u n d e rg o  N-  acé ty la t io n  to 3 '-ch lo ro -  
4 '-h y d ro x y a c e ta n i l id e  a n d  5 '- c h lo ro -2 '-h y d ro x y a c e ta n i l in e  w hich a re  
aga in  e x c re te d  a s  g lu c u ro n id e  o r  su lp h a te  c o n ju g a te s  (G runow  e t ^ . , 
1970).
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O xidation  of th e  a lky l moiety also o c c u rs  to g ive 1 -h y d ro x y -
2 -p ro p y l  N -( 3 -ch lo ro p h en y l)  ca rbam ate  an d  f u r t h e r  o x id ise d  to th e  
1 c a rb o x y l -1 -e th y l  analogue of ch lo rp ropham  (G runow  e t  , 1970).
1 , 3 -D ih y d ro x y -2 -p ro p y l  d e r iv a t iv e  of ch lo rp ropham  is also fo rm ed  b u t  
on ly  to th e  e x te n t  of a b o u t  a q u a r t e r  of th e  m o n o h y d ro x y la ted  
d e r iv a t iv e  (F an g  e t  , 1974).
H O N H . COCH 3 
C2
3 '-c h lo ro -4 '-h y d ro x y a c e ta n i l id e
CH^OH
N H .C O .O C H
1 -h y d ro x y -2 -p ro p y l  N -( 3 -ch lo ro p h en y l)  ca rb a m ate
/ V COOH




1 -c a rb o x y -  1 -e th y l  N -( 3 -ch lo ro p h e n y l)c a rb a m a te
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In  th e  case of animals d o sed  with rad io labe lled  c h lo rp ro p h a m  th e  
s i tu a t io n  could b e  summed up  as  fo llow s;-
1. T he  rad io labe l was e x c re te d  ra p id ly .
2. T he  carbam ate  l in k a g e  of th e  ch lo rp ropham  a n d  i t s  m etabolites  
w as c leaved  in an im als .
3. F u r t h e r  metabolism in c lu d ed  a ry l  an d  a lky l h y d ro x y la t io n ,  
N -ace ty la t ion  a n d  con juga tion  with su lp h a te  o r  g lu c u ro n ic  acid .
4. No in ta c t  c h lo rp ro p h a m  a p p e a re d  to h av e  b een  e x c r e te d .
The p o te n t ia l  t ra n s fo rm a tio n  s i te s  for ch lo rp ro p h am  in a
p o ta to  s to re  inc lude  th e  soil, th e  p o ta to es  them se lves  a n d  p o ta to  
p a th o g e n s .  T he metabolism of ch lo rp ropham  in th e  soil s i tu a t io n  has  
b e e n  e x te n s iv e ly  s tu d ie d  ( H e r r e t ,  1969). F o r  th e  r e a s o n s  s ta t e d  above
i . e . ,  th e  small am ount of soil p r e s e n t ,  i ts  w a te r  c o n te n t  a n d  te m p e r ­
a t u r e ,  s ig n if ican t  c h lo rp ro p h a m  tran s fo rm a tio n  in s to re  soil is  u n like ly .  
Po ta to  p a th o g e n s  a r e  o f ten  ac t ive  in a po ta to  s to re  a n d  th e s e  could  
p a r t i c ip a te  in c h lo rp ro p h a m  bio t r a n s fo rm a t io n s . T h e  p o ta to es  them ­
s e lv e s ,  d e sp i te  b e in g  t r e a t e d  w ith w hat is e s se n t ia l ly  a h e rb ic id e  
(c h lo rp ro p h a m ) ,  r e s p i r e  th ro u g h o u t  th e  s to ra g e  seaso n  a n d  t r a n s fo rm ­
ation  of ch lo rp ropham  w ith in  th e  po ta to  t u b e r s  may o c c u r .  T h e  one 
m etabolite  o b s e rv e d  b y  H eikes  ( 1985) (se e  above) is  th e  only  metabolite 
to  h a v e  b een  id e n t if ied  in a po ta to  s to ra g e  s i tu a t io n .  I t  may be  the  
case  th a t  s ig n if ican t  metabolism of ch lo rp ropham  o c c u r s  w ithin  p o ta to  
t i s s u e  a n d  th e  h ig h  a c t iv i ty  of th e  n o n -e x t r a c ta b le  rad io labe l in the  
p o ta to  pee l f rac t io n  o b s e rv e d  b y  Coxon an d  Filmer (1985) may no t be 
e n t i re ly  due to u n a l te r e d  rad io labe l led  ch lo rp ro p h am . T he  c h a r a c te r ­
isa tion  an d  fa te  of th i s  f rac t io n  is in n eed  of e luc ida tion .
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T he metabolism of in so lub le  r e s id u e s  of p ropham  co n ta in ed  in 
p ropham  t r e a te d  alfa lfa  was s tu d ie d  b y  Pau lson  e t  al. (1975). T hese  
w o rk e rs  w ere c o n c e rn e d  n o t  ju s t  w ith  th e  metabolism of th e  p ropham  
r e s id u e  in th e  alfalfa feed  b u t  also w ith  th e  r e s id u e s  of th e  m etabolites  
of p ropham  which r e s u l t  from p ro p h am  h e rb ic id e  t r e a tm e n t  of an alfalfa 
c r o p .
Using sh eep  a n d  r a t s  as  t e s t  animals th e y  w ere  able to show 
r a p id  ex c re tio n  of th e  r a d io a c t iv i ty  co n ta in ed  in th e  alfa lfa  feed  which 
h a d  b een  t r e a te d  w ith  r in g  labe lled  p ropham  d u r in g  th e  g ro w th  of th e  
c ro p .  In  th e  r a t s  a g r e a t e r  p ro p o r t io n  of th e  rad io labe l in itia lly  p r e s e n t  
in th e  alfalfa feed  a p p e a re d  in th e  faeces  (44%) (P au lso n  e t , 1975) 
com pared  to th e  case  w hen is o p ro p y l- la b e l le d  p ropham  was ora lly  adm ini­
s t e r e d  (9%) (B e n d  e t a l . ,  1971). Sheep  on th e  same alfa lfa  d ie t as th e  . 
r a t s  only e x c re te d  32% of th e  rad io labe l in th e  faeces  o v e r  th e  same 4 
day  p e r io d .  T h is  p re su m a b ly  r e f le c te d  th e  d i f fe re n t  d ig e s t iv e  system  of 
th e  sheep  in th a t  m uch of th e  "f ib re"  in th e  feed  cou ld  be  d ig e s te d  in 
th e  ru m in an t b u t  n o t  b y  th e  simple s tom ached  r a t .  D esp ite  g r e a t e r  
ab so rp t io n  of ra d io a c t iv i ty  from th e  g a s t ro in te s t in a l  t r a c t  in th e  sheep  
a smaller p ro p o r t io n  of th a t  fed  was r e ta in e d  in th e  s h e e p 's  bod y  th a n  
was th e  case in th e  r a t .
Paulson  e t  a l. ( 1975) also  p r e p a r e d  alfalfa w hich h a d  b een  
e x t r a c te d  to rem ove th e  so lub le  p ropham  re s id u e  a n d  th i s  e x t r a c te d  
alfa lfa  was fed  to g e th e r  w ith  th e  in so lub le  r e s id u e  co n ta in ed  th e re in  to 
r a t s .  T he  ra d io a c t iv i ty  e x c re te d  in th e  faeces  am ounted  to 93% of to ta l 
in ta k e ,  a n d  th is  aga in  h ig h l ig h ts  th e  inab ili ty  of th e  r a t  to d ig e s t  feed s  
h ig h  in f ib re .  T he  am ount of rad io labe l  e x c re te d  in th e  u r in e  was v e ry
22
low a n d  th e  r a d io a c t iv i ty  r e ta in e d  in th e  bod ies  of th e  r a t s  was low, 
b u t  th a t  w hich  was r e ta in e d  r e p r e s e n t e d  a g r e a t e r  p ro p o r t io n  of th e  
to ta l  a b s o rb e d  from th e  g u t .
To in v e s t ig a te  th e  p o ss ib il i ty  of se lec tive  r e te n t io n  of a 
com ponent of th e  in so lub le  m ateria l a b s o rb e d  from th e  g u t ,  r a t s  w ere 
fed  fo r  s ix  c o n se c u t iv e  d a y s  on alfalfa con ta in ing  th e  in so lub le  ra d io ­
labe l w hich cou ld  n o t  b e  e x t r a c te d  from th e  fe e d .  A t th e  e n d  of th e  
feed ing  p rogram m e th e  r a t s '  bod ie s  h ad  re ta in e d  a smaller am ount of 
rad io labe l  th a n  r a t s  th a t  h a d  r e c e iv e d  only a s ing le  meal of th e  alfalfa 
con ta in ing  th e  p ro p h am  r e s id u e s .  Pau lson  e t  ( 1975) th e re fo re  
co nc luded  th a t  th e  in so lub le  p ropham  re s id u e s  p a s s e d  th r o u g h  th e  r a t  
g u t  w ith l i t t le  o r  no  m odification.
T he  same r e s e a r c h  team also c o n d u c te d  similar feed in g  t r ia ls  
u s in g  ch lo rp ropham  t r e a t e d  alfalfa as  a feed  fo r  r a t s  a n d  a s h e e p .  
A lth o u g h  th e i r  r e s u l t s  w ere  only r e p o r te d  in a s h o r te n e d  form (Still e t  
a l . ,  1974b), no major d if fe re n c e s  in e x c re to ry  o r  metabolic r o u te s  w ere 
r e p o r te d  be tw een  p ropham  an d  ch lo rp ropham .
While it can  n o t  b e  a ssum ed  th a t  a n y  u n e x t ra c ta b le  c h lo rp ro p ­
ham r e s id u e  of p o ta to e s  would h av e  b een  m etabo lised  a n d  d e p o s i te d  in 
a sim ilar way to  th e  ch lo rp ropham  or p ropham  a d d e d  to th e  h y d ro p o n ic  
n u t r i e n t  medium of th e  g row ing  a lfa lfa ,  a similarly h ig h  p ro p o r t io n  of 
th is  r e s id u e  in p o ta to e s  may n o t  b e  a b s o rb e d  b u t  p a s s  t h r o u g h  th e  
g a s t ro in te s t in a l  t r a c t  of simple s tom ached  anim als.
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CHAPTER 3
THE DETERMINATION OF CHLORPROPHAM 
RESIDUES IN CRISPS
3 .1  INTRODUCTION
T he  re q u i re m e n ts  of th e  p o ta to  p ro c e s s in g  i n d u s t r y  fo r  a 
c o n t in u o u s  s u p p ly  of p o ta to e s  n e c e s s i ta te s  th e  s to ra g e  of th e  i n d u s t r y ' s  
raw  m ateria l fo r  long  p e r io d s  of time. While th e  p o ta to es  p ro c e s s e d  d u r in g  
th e  h a r v e s t in g  season  n e e d  no t be  t r e a te d  with a s p r o u t  s u p p r e s s a n t ,  
th o se  w hich a re  in t e n d e d  fo r  use  o u tw ith  th is  p e r io d  u su a l ly  rece iv e  at 
le a s t  one app lica tion  of s p r o u t  s u p p r e s s a n t .
When s p r o u t  s u p p r e s s a n t  t r e a t e d  t u b e r s  a re  p r o c e s s e d ,  the  
in itia l p ro c e s s in g  o p e ra t io n s  of w ash ing  a n d  peeling  c o n s id e ra b ly  re d u c e  
th e  r e s id u e s  of th e  s p r o u t  s u p p r e s s a n t  te c n a z e n e  (Dalziel a n d  D u n can ,  
1974; Dalziel an d  D u n c a n ,  1980). C h lo rp ropham  r e s id u e s  a re  also 
r e d u c e d  b y  w ash ing  an d  p ee l in g  (M artens  e t  a l . ,  1971; G a rd ,  1959;
Vliet a n d  S p a re n b e rg ,  1970) .
In  th e  case  of th e  f ry in g  o p e ra t io n ,  Dalziel a n d  D uncan  ( 1980) 
r e p o r t  an in c re a se  in th e  te c n a z e n e  r e s id u e  in th e  c r is p  a f te r  f r y in g ,  
while M artens  e^ ^  ( 1971) s ta t e  th a t  th e  f ry in g  p ro c e s s  r e d u c e s  the  
ch lo rp ro p h am  re s id u e  to le s s  th a n  th e  limit of s e n s i t iv i ty  fo r  th e i r  
ana ly tica l  m ethod . G a rd  ( 1959), while u s in g  th e  same ana ly tica l  m ethod 
a s  M artens  e t c a r r i e d  o u t  similar r e s id u e  s tu d ie s  on c r i s p s  a n d  fo u n d  
th a t  all b u t  th e  h ig h e s t  app lica tion  r a te s  of ch lo rp ropham  to th e  p o ta to
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t u b e r s  r e s u l t e d  in r e s id u e s  of ch lo rp ropham  in th e  c r is p  which w ere below 
th e  limit of s e n s i t iv i ty .
D esp ite  th e  w id e sp re a d  use  of ch lo rp ropham  in s p r o u t  s u p p r e s s ­
a n t  fo rm ula tions ,  th e  in c re a s e d  public  a w a re n e ss  of p e s t ic id e  u se  an d  th e  
r e q u i re m e n t  of r e g u la to ry  a u th o r i t ie s  fo r  more de ta i led  in form ation , the  
only  p u b l i s h e d  m ethod for th e  an a ly s is  of ch lo rp ropham  r e s id u e s  in c r is p s  
is th a t  of G ard  an d  R u d d  (1953) an d ,  p r io r  to  th e  w ork d e s c r ib e d  in th is  
c h a p te r  be ing  c a r r i e d  o u t ,  only two a u th o r s  r e p o r te d  r e s id u e s  in c r i s p s  
(M arten s  e^ a l . ,  1971 a n d  G a rd ,  1959). A f te r  the  s tu d ie s  d e s c r ib e d  below 
h ad  b e e n  com pleted a n d  p u b l i sh e d  (R itch ie  e t  ^ . , 1983), r e s id u e  va lues  
fo r  ch lo rp ropham  in c r i s p s  an d  ch ip s  w ere  r e p o r te d  (H e ik es ,  1985). T h is  
c h a p te r  d e s c r ib e s  th e  developm ent of a m ethod for de te rm in in g  ch lorpropham  
in c r i s p s  an d  c r isp  f ry in g  oil a n d  th e  an a ly s is  of commercial sam ples.
3. 2 D evelopm ent of th e  A naly tica l T ec h n iq u e
3 .2 .1  Possib ili t ie s
A major o b s t ru c t io n  to th e  developm ent of a n y  m ethod  which aims 
to a c c u ra te ly  q u a n t ify  th e  r e s id u e  of ch lo rp ropham  in an  oily medium is 
t h a t  of th e  d iff icu lty  of e x t r a c t in g  th is  lipophilic  p e s t ic id e  from th e  oil in 
w hich it  is p r e s e n t .
P rev io u s  w ork  in th is  d e p a r tm e n t  (Dalziel a n d  D u n can ,  1980) 
s u c c e e d e d  in q u a n t i fy in g  th e  r e s id u e s  of th e  s p ro u t  s u p p r e s s a n t ,  te cn azen e ,  
in c r i s p s  a n d  c r is p  f r y in g  oil. T hese  w o rk e rs  u s e d  so lv en t  e x tra c t io n  to 
rem ove th e  te c n a z e n e ,  b u t  la rg e  am ounts  of c o -e x t r a c t iv e s  con tam ina ted  
th e  e x t r a c t ,  r e s u l t in g  in c o n s id e ra b le  in t e r f e r e n c e s  in th e  re s id u e
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d e te rm in a tio n .  T he  overa l l  su c c e s s  of the  method re l ied  heav ily  on the  
fac t  th a t  sen s i t iv e  in s t ru m e n ta t io n  in th e  form of a gas  l iq u id  chrom ato­
g r a p h  (GC) f i t te d  w ith  an e le c tro n  c a p tu re  d e te c to r  (ECD) was ava ilab le .  
T he  r e s p o n s iv e n e s s  of th e  e le c tro n  c a p tu r e  d e te c to r  to te c n a z e n e ,  
r e la t iv e  to th a t  of th e  c o -e x t r a c t iv e s  w hich h ad  similar r e te n t io n  tim es, 
d is p e n s e d  w ith th e  n e c e s s i ty  fo r  a la b o rio u s  clean up  of th e  so lv en t  e x t r a c t .
H ow ever, an e le c tro n  c a p tu r e  d e te c to r  can n o t b e  u se d  for 
ch lo rp ro p h am  d e te rm in a t io n s ,  due to th e  low r e s p o n s iv e n e s s  of th e  d e te c to r  
to ch lo rp ro p h a m , a l th o u g h  d e r iv a t is a t io n  to y ie ld  an e le c tro n  c a p tu r e  
d e te c to r  sen s i t iv e  d e r iv a t iv e  h a s  b e e n  r e p o r te d  (G u tenm ann  an d  L isk ,
1964; B rad w ay  an d  S hafik ,  1977). H ow ever, th e  wide sp e c tru m  of 
com pounds like ly  to be  p r e s e n t  in th e  c o -e x t r a c t iv e s  f ra c t io n  of th e  sample 
cou ld  have  p ro d u c e d  d e r iv a t iv e s  also s u i te d  to e lec tron  c a p tu r e  de tec tion  
r e s u l t in g  in a complex ch rom a tog ram , o r  even  s a tu ra t io n  of th e  d e te c to r  
if h ig h  c o n c e n tra t io n s  of d e r iv a t i s e d  m ateria l a re  p r e s e n t  in th e  d e te c to r .  
M oreover,  it was c o n s id e re d  th a t  a re q u ire m e n t  of th is  an a ly tica l  m ethod 
sh o u ld  b e  i t s  ab ili ty  to be  u s e d  in la b o ra to r ie s  w here  only s t a n d a r d  
an a ly tica l  in s tru m e n ta t io n  was ava ilab le  a n d  s ince an e le c tro n  c a p tu r e  
d e te c to r  e q u ip p e d  GC could  n o t  be  c o n s id e re d  p a r t  of th e  eq u ip m en t in a 
g e n e ra l  p u rp o s e  la b o ra to ry ,  th e n ,  fo r  th is  r e a s o n ,  to g e th e r  w ith th e  
p rob lem s m entioned  above ,  i t  was d ec id ed  to develop a m ethod  w hich did  
n o t  r e ly  on th e  u se  of an e lec tro n  c a p tu r e  d e te c to r .
In  th e  m ethod of G ard  a n d  R u d d  (1953) for de te rm in in g  
ch lo rp ro p h am  r e s id u e  in a g r ic u l tu r a l  m a te r ia ls ,  ch lo rp ropham  is e x t r a c te d  
w ith d ich lo rom ethane  a n d  th e  n o n -v o la t i le  m ateria l in c lu d in g  th e  c h lo rp ro p ­
ham rem ain ing  a f te r  so lv en t  ev ap o ra t io n  is h y d ro ly s e d  to p ro d u c e
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3 -ch lo roan iline  w hich is d e te rm in ed  co lo rim e tr ica l ly . When th e  sample 
m ateria l co n ta in s  h ig h  leve ls  of oil, for exam ple, c o t to n s e e d  (G ard  an d  
R u d d ,  1953), a n d  p e a n u t s  (G a rd ,  P ra y  a n d  R u d d ,  1954), an  add itional 
so lv en t  p a r t i t io n in g  s te p  is in t ro d u c e d .
T he  m ateria l is e x t r a c te d  with the  d ich lo rom ethane  an d  th e  
so lv en t  is  e v a p o ra te d  as  with m ateria ls  low in oil, b u t  in th e  case  of 
c o t to n se e d  a n d  p e a n u t s ,  th is  le av es  a s ig n if ican t  q u a n t i ty  of oil. The 
ch lo rp ro p h am  is e x t r a c te d  from th e  oü b y  fo u r  ac e to n i t r i le  p a r t i t io n in g s  
w hich  a re  th e n  b u lk e d ,  r e d u c e d  in volume b y  e v a p o ra t io n  of th e  so lven t  
w ith  th e  r e s id u e  th e n  b e in g  h y d ro ly s e d  and  th e  an iline  de te rm in ed  
co lorim etrically  in th e  same way as when li ttle  oil was p r e s e n t .
T he  u se  of a ce to n it r i le  e x t ra c t io n s  of th e  oil led  to a concen­
t r a t i n g  of th e  ch lo rp ro p h am  in th e  h y d ro ly s is  f la sk  r a t h e r  th a n  th e  
c h lo rp ro p h a m  b e in g  p r e s e n t  in a la rg e  volume of oil a n d  if  la rg e  am ounts  
of oil w ere  e x t r a c te d  b y  th e  ace to n i t r i le ,  a sapon if ica tion  is in e f fec t 
c a r r i e d  o u t .
Saponif ica tion  of an  oil con ta in ing  ch lo rp ro p h a m  to y ie ld
3-ch loroan iline  was c o n s id e re d ,  b u t  th e  in t e r f e r e n c e s  a n d  re c o v e r ie s  
r e p o r t e d  b y  G ard  (1959), when d e te rm in ing  3 -ch lo roan iline  leve ls  in a 
h y d ro ly s a te  of a c r isp  e x t r a c t ,  dam pened  en thusiasm  fo r  th is  te c h n iq u e .  
While a wide r a n g e  of p r o d u c ts  may b e  c o -d is t i l led  from th e  saponif ica tion  
f la s k  p ro d u c t io n  of an azo dye from th e  aniline a n d  th e  s ep a ra t io n  of th is  
dye  b y  h ig h  p r e s s u r e  l iq u id  ch ro m a to g rap h y  may b e  a te c h n iq u e  w o rth y  
of a p p ra i s a l .  F luo rogen ic  labelling  of th e  aniline  moiety of ch lo rp ropham  
p r o d u c e d  in th i s  way cou ld  also r e s u l t  in  a s e n s i t iv e  h ig h  p r e s s u r e  l iqu id  
c h ro m a to g rap h ic  m ethod  be ing  d eve loped .
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Dalziel ( 1978) also in v e s t ig a te d  th e  p o te n tia l  of so lv en t  
p a r t i t io n in g  p r o c e d u r e s ,  in th i s  case to rem ove tecn azen e  from c r i s p s .
He b le n d e d  c r i s p s  w ith  e th an o l and  h ex an e  th e n  ad d e d  w a te r  to form a 
tw o -p h a s e  system  w ith  th e  tecn azen e  in th e  o rg an ic  p h a s e .  T he  
te c n a z e n e  was e x t r a c te d  from th is  h ex an e  f rac t io n  b y  two d im ethy l-  
formamide (DMF) e x t r a c t io n s .  T hese  DMF e x t ra c t io n s  w ere  th e n  combined 
a n d  h a d  h e x a n e ,  w a te r  a n d  a l i t t le  ace tic  acid  ( to  sp e e d  p a r t i t io n in g )  
a d d e d  to g ive  a h ex an e  e x t r a c t  con ta in ing  th e  majority  of th e  te cn azen e  
b u t ,  u n fo r tu n a te ly ,  th i s  e x t r a c t  still co n ta in ed  much of th e  oil o rig ina lly  
c o - e x t r a c te d  with th e  te c n a z e n e  from th e  c r i s p s .
A lth o u g h  Dalziel h a d  li ttle  su c c e ss  w ith so lv en t  p a r t i t io n in g  to 
o b ta in  an  e x t r a c t  co n ta in in g  most of th e  te cn a z e n e  w ith  only a minimal 
am ount of c o - e x t r a c te d  oil com ponen ts ,  it was h o p ed  th a t  so lv en t  
p a r t i t io n in g  as a te c h n iq u e  may be  able to b e  u se d  in th e  e x t ra c t io n  of 
ch lo rp ro p h a m  from oily m a te r ia ls .  T he  main re a so n  fo r  th i s  optimism was 
du e  to th e  d i f fe re n c e  in lipoph ilic ity  th a t  e x i s t s  b e tw ee n  te c n a z e n e  an d  
c h lo rp ro p h a m . T h is  can  b e  d em o n s tra ted  b y  th e  d i f f e r e n t  so lub il i t ies  
of th e  two com pounds in v a r io u s  so lv e n ts .  T h e  so lub il i ty  of te cn azen e  
in  w a te r ,  e thano l an d  h e x a n e ,  is ab o u t 1 mg/H, 40 g / i l  a n d  60 g / i l  
r e s p e c t iv e ly .  T he  so lu b il i ty  of ch lo rp ropham  in w a te r  is 89 mg/H, an d  
it  is  miscible with th e  low er alcohols an d  on ly  so luble  in h e x a n e  to th e  
e x t e n t  of ab o u t  45g /i l .
T h ese  d i f f e r e n t  p r o p e r t i e s  shou ld  allow th e  choice of so lv en t  
to  b e  made on th e  b a s is  of i ts  p o la r i ty ,  w hich in f lu en ces  th e  eff ic iency  of 
e x t ra c t io n  of c h lo rp ro p h a m  from th e  oil a n d  th e  d e g re e  to w hich it  is 
miscible w ith  th e  oil. I t  was hop ed  th a t  a so lv en t immiscible w ith  th e  oil
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would also e x t r a c t  minimal am ounts  of oü. com ponents  along w ith  th e  
c h lo rp ro p h a m .
3 ,2 ,2 .  D evelopm ent w ork  lead ing  to th e  final method
T he p r im a ry  re q u ire m e n ts  of th is  method of a n a ly s is  was th a t  
i t  h a d  to  be capab le  of de te rm in ing  th e  v e r y  low lev e ls  of ch lo rp ropham  
th a t  w ere  th o u g h t  to  b e  p r e s e n t  in c r i s p s .  The m ethod of G ard  an d  R u d d  
( 1953) u s e d  b y  G ard  ( 1959) an d  M artens  et a l . ( 1971) in th e i r  an a ly s is  of 
c r i s p s  fo r  ch lo rp ro p h am  r e s id u e s ,  h a s  a r e p o r t e d  limit of s e n s i t iv i ty  of 
0 .05 n g /g  an d  th e  r e c o v e ry  r a te s  a re  o f ten  low an d  v a r ia b le .  A new 
m e thod , capab le  of d e te rm in in g  r e s id u e s  of ch lo rp ro p h am  below 0.05 g g /g ,  
would be n eed e d  to  t r a c e  th e  loss  of ch lo rp ropham  w hich  m ust occu r  d u r in g  
th e  f ry in g  of th e  p o ta to e s  if th e  r e s id u e  in th e  c r i s p s  is in fac t  le s s  th a n  
th e  r e p o r t e d  0.05 p g / g .
I t  was c o n s id e re d  th a t  to u se  th e  method of G ard  a n d  R u d d  
m erely  to  c o n d u c t  f u r t h e r  s tu d ie s  of an  a l re a d y  r e s e a r c h e d  a re a ,  was of 
no ch a l len g e .  H ow ever,  w ith  h in d s ig h t ,  it  is now c o n s id e re d  th a t  a s p e c t s  
of th i s  m ethod a r e  n o t  w ithou t merit a n d  w hen com bined  w ith  th e  final 
r e s id u e  m ethod (b ec t io n  3,3) could be  of u s e .
The ea r ly  w ork  on th e  developm ent of th e  r e s id u e  method was 
con f in ed  to dealing  w ith  th e  f ry in g  oü a n d  th e  e f fo r t  e x p e n d e d  to p ro d u c e  
a m ethod fo r  q u a n t i fy in g  th e  ch lo rp ropham  re s id u e  in th i s  m ateria l .  T he  
de te rm in a tio n  of ch lo rp ro p h a m  re s id u e  of th e  oü in fa c t  r e p r e s e n t s  th e  
same p rob lem s  as  d e te rm in in g  th e  r e s id u e  in th e  c r i s p s .  T h is  is d u e  to 
th e  h ig h  oil c o n te n t  of c r i s p s  (30-40%) a n d ,  w hüe th e  p r im a ry  ob jec tive  
m ust be to ob ta in  a r e s id u e  c o n ce n tra t io n  of th is  agrochem ica l in th e
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m ateria l  consum ed b y  th e  pub lic  a t  l a rg e ,  th e  main p rob lem s a r is in g  from 
th e s e  s tu d ie s  in v a r ia b ly  em anate from th e  oü com ponent w hich  is of c o u rse  
easÜy e x t ra c te d  from th e  c r i s p s .  M oreover,  the  e x t ra c t io n  p ro c e d u re  
u s e d  to remove th e  oü would also e x t r a c t  th e  ch lo rp ro p h am .
At th e  s t a r t  of th i s  w ork , f r y in g  oü which h a d  b een  u se d  b y  a 
commercial p ro c e s s o r ,  was n o t  a t  h a n d ,  so locally p u r c h a s e d  cooking  oü 
was u s e d .  This  allowed some p a r t i t io n  s tu d ie s  to be c a r r i e d  o u t  on a 
m ateria l f r e e ,  it  was h o p e d ,  of c h lo rp ro p h a m . I t  was also c o n s id e re d  a 
"clean" m ateria l w hich c o n ta in e d  none  of th e  innum erab le  p r o d u c t s  of th e  
f ry in g  p ro c e s s .  T h is  allowed some inform ation  to be o b ta in e d  b e fo re  
ta c k l in g  the  more d if f icu lt  p rob lem s w hich may have  a r is e n  from th e  
p r e s e n c e  of th e se  b y - p r o d u c t s ,  "Mazola" domestic f ry in g  oü was u s e d  
in th e  in itia l w ork .
The choice of e x t r a c t in g  so lv en t  was made with r e g a r d  to th e  
w ork of G ard  an d  R u d d  ( 1953) a n d  with r e f e r e n c e  to th e  Official M ethods 
of A n a ly s is  of th e  A ssocia tion  of Official A naly tica l C hem ists  (AOAC) 
(H orw itz ,  1975), T he  official f i r s t  ac tion  recom m ended b y  th e  AOAC in 
th e  e x tra c t io n  of th e  lipophilic  p e s t ic id e  DDT from fa t  would b e  to  d isso lve  
th e  fa t  in h exane  an d  e x t r a c t  th e  DDT w ith  a c e to n i t rü e .  C h lo rp ro p h am  
s p ik e d  Mazola oü was also  e x t r a c te d  with a c e to n i t rü e .  S ince i t  was no t 
know n how much h ex a n e  would have  to  be  a d d e d  to th e  commercial f r i e r  
O Ü in o r d e r  to d isso lve  a n y  p r e c ip i ta te d  f a t ,  a ra n g e  of h e x a n e  ad d i t io n s  
was u s e d .
In  th e se  d is t r ib u t io n  s tu d ie s  a s e r ie s  of s e p a ra t in g  fu n n e ls  was 
s e t  u p , in to  which was p la ced  v a r io u s  w e ig h ts  of oü from zero  to th e  
e q u iv a le n t  of 25 ml. (T h e  w eigh ing  of oü p ro v e d  more a c c u ra te  a n d  
c o n v e n ie n t  th a n  w ork ing  on a b a s is  of volume) , To th e s e  s e p a ra t in g
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fu n n e ls  h ex an e  was a d d e d  to g ive a to ta l volume of 25 ml in each  f la sk .  
25 ml of ac e to n i t r i le  co n ta in in g  1 mg/ml of ch lo rp ropham  was th e n  ad d ed  
to  th e  f la s k s  w hich  w ere  s h a k e n  a n d  allowed to s e t t l e .  U n fo r tu n a te ly  
em ulsions w ere  form ed in some of th e  f lasks  an d  th e se  took many h o u rs  
to  r e v e r t  to  a tw o -p h a se  sy s te m . The ace to n itr i le  was rem oved  from 
th e  s e p a ra t in g  fu n n e ls  a n d  th e  ch an g e  in volume n o te d .  T he  volume of 
th e  o i l /h e x a n e  p h a s e  was o b ta in e d  u s in g  a m easu r in g  c y l in d e r .  T he  
ch lo rp ro p h am  rem ain ing  in th e  ace to n it r i le  p h ase  was d e te rm in e d  by  GC 
u s in g  th e  c h ro m a to g rap h ic  cond itions  d es c r ib e d  in th e  final method 
sec tion  (3 .3 .3 )  .
T he  r e s u l t s  a r e  p r e s e n te d  in g raph ica l form (F ig u re  3.1) an d  
show th a t  a p a r t i t io n  coeff ic ien t of a ro u n d  1.5 is  p o ss ib le  w hen the  
h ex a n e  c o n c e n tra t io n  is  g r e a t e r  th a n  30% of the  to ta l  h e x a n e /oü  p h ase  
a n d  r e p r e s e n t s  60% e x t ra c t io n  of ch lo rpropham  from th e  oü b y  th e  
a c e to n i t rü e  in one e x t ra c t io n  a n d  g ives  more th a n  90% rem oval in th r e e  
seq u e n t ia l  e x t ra c t io n s  w hen a 1: 1 volume ra tio  is u s e d .
T he  main d is a d v a n ta g e  with th e  p a r t i t io n in g  was th e  slow 
s e p a ra t io n  of th e  p h a s e s .  T he  n e x t  se t  of p a r t i t io n s  u s e d  a c e to n i t rü e  
to  w hich 2% w ate r  h a d  b een  a d d e d .  The ad d i t io n  of w a te r  to th e  system  
d id  s p e e d  th e  se p a ra t io n  of th e  p h a s e s  b u t  no t a s  much as was hop ed ,  
a l th o u g h  it  d id  n o t  h ave  any  g r e a t  e ffec t on th e  p a r t i t io n  coeffic ien t 
( s e e  F ig u re  3 . I I ) .  In  th e  n e x t  s e t  of p a r t i t io n s  th e  ace to n i t rü e  
e x t r a c ta n t  c o n ta in e d  an  ad d i t io n  of 1% d ü u te  sodium ch lo ride  so lu tion , 
th e  s a l t  c o n c e n tra t io n  of w hich  was 2.5%. T he  p a r t i t io n  coeff ic ien t up  
to 50% h e x a n e  rem a in ed  s im üar ( s e e  F ig u re  3 . I l l )  b u t  th e  sp e e d  of 
s e p a ra t io n  of th e  p h a s e s  was c o n s id e ra b ly  f a s t e r .
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T he  ace to n itr i le  p h a s e s  of th e s e  p a r t i t io n in g s  co n ta in ed  
c o n s id e ra b le  am ounts  of yellow p ig m en ta t io n .  The am ounts  p r e s e n t  only 
became a p p a re n t  when s e v e ra l  of th e s e  a ce to n it r i le  p h a s e s  w ere  r u n  down 
on th e  r o t a r y  e v a p o ra to r  in o r d e r  to  es tim ate  th e  q u a n t i ty  of oil rem oved  
b y  th e  ace to n i t r i le .  T he  a n a ly s is  of th e se  g ro s s ly  con tam ina ted  ace to ­
n i t r i le  p h a s e s  was only p o ss ib le  due  to th e  h igh  c o n c e n tra t io n s  of 
ch lo rp ro p h am  used  in th e  a c e to n i t r i le  ad d e d  to th e  s e p a ra t in g  fu n n e ls  
(1 m g /m l) .  This  allowed th e  GC to be  r u n  a t  low s e n s i t iv i ty  an d  small 
in jection  volumes minimised con tam ination  of th e  in s t ru m e n t .
The  official f i r s t  ac t ion  of th e  AOAC in th e  an a ly s is  of fa t  for 
DDT r e s id u e s  recom m ends w ash in g  of th e  ace to n it r i le  p h a se  w ith  h ex an e  
in  o r d e r  to remove some of th e  c o - e x t r a c te d  fa t ty  m a te r ia ls .  In  view of 
th e  la rg e  p a r t i t io n  coeff ic ien t fo r  ch lo rp ropham  in a h ex a n e  ace to n itr i le  
p a r t i t io n in g  sy tem , it  was d ec id ed  th a t  fou r  h ex an e  w ash es  sho u ld  no t 
r e s u l t  in la rg e  lo sses  of c h lo rp ro p h a m  from th e  ace to n itr i le  e x t r a c t  of 
th e  oil.
T he  e x t ra c t io n  sy s tem  d ec id ed  on a t  th is  p o in t ,  a l th o u g h  th e  
volum es u s e d  w ere rev ie w e d  a t  a l a te r  s ta g e ,  was to f i r s t  e x t r a c t  th e  oil 
w ith  fo u r  lo ts  of ace to n i t r i le  w hich co n ta in ed  a 1% add ition  of 2.5% 
a q u e o u s  sodium ch lo r id e .  T h e  oil would have  h ex an e  a d d e d  to give betw een 
10% an d  50% hex an e  c o n c e n tra t io n ,  d e p e n d in g  on th e  c o n s is te n c y  of the  
commercial sam ples. T h ese  ace to n it r i le  e x t r a c t s  w ere to be w ashed  with 
fo u r  h e x a n e  a l iq u o ts .  T h e  f i r s t  a ce to n it r i le  e x t r a c t  was p a s s e d  th ro u g h  
each  of th e  fou r  s e p a ra t in g  fu n n e ls  co n ta in in g  h ex an e  a n d  th e  o r d e r  of 
p a s s a g e  m ain ta ined  by th e  se c o n d ,  th i r d  an d  fo u r th  ace to n itr i le  e x t r a c t s .  
T he fo u r  ace to n itr i le  e x t r a c t s  w ere  th e n  b u lk e d .  To minimise lo s se s  of
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ch lo rp ropham  in th e  h ex an e  w ash es ,  th r e e  lo ts  of f r e s h  ace ton itr i le  w ere 
p a s s e d  down th e  s e r ie s  of h ex an e  s e p a ra t in g  fu n n e ls ,  again  in th e  same 
o r d e r  as  th e  fo u r  ace to n it r i le  oil e x t r a c t s .  T h ese  t h r e e  lo ts  of ace to­
n i t r i le  w ere com bined  w ith  th e  b u lk e d  ace to n itr i le  oil e x t r a c t s  an d  
e v a p o ra te d  b y  r o t a r y  e v a p o ra to r  a t  r e d u c e d  p r e s s u r e  a n d  a t  a tem p era ­
t u r e  n o t  e x ce ed in g  40°C.
I t  was in itia lly  co n s id e re d  th a t  one b a tc h  of f r e s h  ace ton itr i le  
would be  su f f ic ie n t  to remove most of th e  ch lo rp ropham  from th e  hex an e  
w ash in g s  b u t  t h e r e  w ere  co n s id e ra b le  am ounts  of p igm en ta tion  p r e s e n t  in 
th e  f i r s t  h e x a n e  co n ta in in g  s e p a ra t in g  fu n n e l .  T he  seco n d  s e p a ra t in g  
fu n n e l  also c o n ta in e d  a l i t t le  p igm en ta tion  b u t  th e  t h i r d  an d  fo u r th  
fu n n e ls  d is p la y e d  n o n e .  In  view of th is  a p p a re n t  eff icacy  of hex an e  in 
rem oving  oil com ponen ts  from the  c ru d e  ace to n itr i le  oil e x t r a c t s  an d  the 
s ig n if ic a n t  e f fe c t  on th e  p a r t i t io n  coeffic ien t of ch lo rp ropham  in an 
a c e to n i t r i le :  h e x a n e  sy s te m , when even  a small q u a n t i ty  of oil is p r e s e n t ,  
i t  was dec id ed  th a t  t h r e e  lo ts  of f r e s h  a ce to n it r i le  would be  u s e d ,  r a th e r  
th a n  ju s t  th e  one .  T h is  shou ld  minimise th e  lo ss  of ch lo rp ropham  to th e  
h e x a n e  w ith o u t c o n t r ib u t in g  to th e  im purit ie s  in th e  b u lk e d  ace ton itr i le  
e x t r a c t .
When th e  above  e x tra c t io n  p ro c e d u re  was u s e d  to e x t ra c t  
sam ples of Mazola oil w hich had  b een  fo r t i f ie d  w ith  ch lo rp ropham  b y  the  
a dd i t ion  of 2 ml of a 1 mg/ml ch lo rp ropham  in h e x a n e  so lu tion , abou t 
0 .5 -1  ml of oil rem a in e d  a f te r  th e  a ce to n it r i le  h a d  b een  rem oved  b y  r o ta r y  
e v a p o ra t io n .  C le a r ly  th is  did no t c o n s t i tu te  a sample su ita b le  for 
a n a ly s is  u s in g  G C , a n d  some f u r t h e r  c lean -u p  would b e  r e q u i r e d .
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The c le a n -u p  p ro c e d u re  f i r s t  t r i e d  was t h a t  u s e d  in th is  
d e p a r tm e n t  fo r  th e  rem oval of in t e r f e r in g  c o -e x t r a c t iv e s  from h exane  
e x t r a c t s  of ch lo rp ro p h am  t r e a te d  f r e s h  p o ta to  t u b e r s  (B oyd  et a l . ,  1982). 
In  th is  p ro c e d u r e  th e  c o -e x t r a c t iv e s  w ere  rem oved  b y  th e  u se  of a 15 cm 
b y  0 .9  cm i . d .  column of alumina (n e u t r a l  G rade  V, Woelm). H exane was 
u s e d  as th e  e lu a n t  an d  th e  80-120 ml f rac t io n  co n ta in ed  th e  ch lo rp ropham  
a p p lied  to th e  column in th e  c ru d e  h ex an e  e x t r a c t .
When th e  f i r s t  e x t r a c t s  of Mazola oil w ere  r u n  in th e se  columns 
no  c h lo rp ro p h a m  was e lu te d  in th e  f i r s t  250 ml of e lu a n t ,  n o r  was th e re  
much movement of th e  oil away from the  top of the  column. C le a r ly ,  the  
c o - e x t r a c t iv e s  w ere  h av in g  an e ffec t on th e  ch ro m a to g ra p h y  of th e  ch lo r­
p ro p h am . T h is  can  o f ten  b e  th e  case w hen s ig n if ican t  q u a n t i t ie s  of 
im p u r it ie s  a r e  p r e s e n t  (H eftm an, 1975).
In  s u b s e q u e n t  in v e s t ig a t io n s  of column c le a n -u p s ,  v a r io u s  
com binations  of a c t iv i ty  g ra d e  a n d  so lven t p o la r i ty  w ere  s tu d ie d .  The 
in v e s t ig a t io n s  d id  n o t  u se  n e u t ra l  alumina, m a n u fa c tu re d  b y  Woelm, s ince 
s to c k s  of th is  p a r t i c u la r  m ateria l w ere low, b u t  u s e d  th e  more read i ly  
availab le  m ateria l ,  m a n u fa c tu re d  b y  H opkins an d  Williams.
T he column c le a n -u p  system  th a t  was fo u n d  to  g ive h ig h  
r e c o v e r ie s  of ch lo rp ro p h am  in th e  p re s e n c e  of Mazola oil c o -e x t r a c t iv e s  
was one which d if fe re d  from th e  above sy s tem , in t h a t  th e  n e u t ra l  alumina 
was le s s  d e a c t iv a te d  a n d  th e  e lu an t  u se d  was th e  more p o la r  5% d ie th y l-  
e th e r  in h e x a n e .  T h is  r e s u l t e d  in some movement of th e  p igm en ted  
c o -e x t r a c t iv e s  away from th e  top of th e  column an d  th e  ch lo rp ropham  was 
e lu te d  in th e  f i r s t  80 ml of e lu a n t .  M onitoring of th e  e lu a n t  a f te r  the  
f i r s t  80 ml became ro u t in e  to  e n s u re  all th e  ch lo rp ropham  w as, in fa c t .
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b e in g  e lu te d  in th e  f i r s t  f ra c t io n .  T ab le  3.1 show s re c o v e r ie s  of 
c h lo rp ro p h a m  from th e  column when a p p l ied  to g e th e r  w ith  an oil e x t r a c t  
(B) a n d  w hen app lied  to th e  column on i t s  own in a h ex an e  solution (A ).
In the  overa ll r e c o v e ry  d e te rm in a t io n ,  th e  Mazola oil was again  
s p ik e d  w ith  2 ml of 1 mg/ml ch lo rp ropham  in h e x a n e  so lution a n d  th e  
e x t ra c t io n  p ro c e d u re  r e p e a te d .  A f te r  rem oval of th e  ace to n itr i le  by  
r o t a r y  e v a p o ra t io n ,  a su b -sa m p le  was ta k e n  b e fo re  th e  rem a in d e r  of the  
sample was c le a n e d -u p  on th e  alumina column. B y an a ly s in g  th e se  two 
sam ples ,  in d e p e n d e n t  r e c o v e ry  v a lu es  fo r  th e  two s te p s  could  b e  o b ta in ed  
a n d  k e p t  lab o rio u s  a n d  te d io u s  so lv en t  e x t ra c t io n s  to a minimum. Table
3.1 (C)  show s r e s u l t s  fo r  th e  r e c o v e ry  of c h lo rp ro p h a m  from th e  column 
o n ly .  T ab le  3 . II  shows th e  re c o v e ry  of th e  ch lo rp ro p h am  from th e  Mazola 
oil b e fo re  column c le a n -u p  (A) an d  th e  overa ll  r e c o v e ry  from th e  oil 
in c lu d in g  th e  r e c o v e r ie s  from the  column (B ) .
From th e  f r e q u e n t  a n d  n u m e ro u s  e x t ra c t io n s  th a t  w ere  b e in g  
c a r r i e d  o u t ,  i t  became a p p a r e n t  th a t  h eav y  so lv e n t  consum ption  was a 
f e a tu r e  of th is  an a ly s is  te c h n iq u e  a n d  th e  r e s u l t  of la rg e  volumes of 
so lv e n t  b e in g  e v a p o ra te d  off would be  to c o n c e n t ra te  im purit ie s  in th e  small 
sample e x t r a c t .  A so lv en t  b la n k  e x t ra c t io n  was u s e d  to  a s s e s s  th e  effec t 
of th e s e  im purit ie s  on th e  GC an a ly s is  a n d  th i s  show ed th a t  cons ide rab le  
q u a n t i t i e s  of im purit ie s  w ere d e te c ta b le .  T he  to ta l  q u a n t i ty  of im purities  
was g re a t ly  r e d u c e d  b y  th e  column c le a n -u p  s t e p .  T he  ch lo rp ropham  
d e te c te d  in th is  sample w ould be  th e  sum of contam ination  of th e  so lven t 
a n d  a p p a r a tu s  b y  ch lo rp ropham  an d  any  c o -c h ro m a to g ra p h in g  im p u r it ie s .  
The am ount of ch lo rp ro p h am  d e te c te d  in th e s e  d u p lica te  b la n k  e x t r a c t s  was 
le ss  th a n  0 .5  g g .  T h is  is  e q u iv a le n t  to a r e s id u e  of 0.007 g g /g  of oil^^AS&D
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TABLE 3,1. RECOVERY OF CHLORPROPHAM FROM THE ALUMINA COLUMN
Total Quantity 
of Chlorpropham 






Chlorpropham in Hexane ;
REPLICATE I 2 107.6
REPLICATE II 2 101.7
B
Chlorpropham + Oil Extract;
REPLICATE I 2 95.0




REPLICATE I 1.83 104.2
REPLICATE II 1.75 104.8
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REPLICATE I 2 92.8




REPLICATE I 2 96.6
REPLICATE II 2 93.3
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As to w hat p ro p o r t io n  of th is  small co n ce n tra t io n  is a t t r ib u t a b le  to 
contam ination  from a w ork ing  en v ironm en t w here  c h lo rp ro p h a m  is 
co n t in u o u s ly  u s e d  a n d  s tu d ie d ,  it would be  im possible  to s a y .
T he  e f fo r ts  made to keep  th is  contam ination  to  a minimum 
in c lu d e d  th o ro u g h  w ash ing  of all g la ssw are  with hot d e t e r g e n t ,  r in s in g  
w ith  d is t i l led  w a te r  a n d  a final r in s e  w ith  AR G rade  ace tone  (H o p k in s  a n d  
Williams) . T he  g la ssw are  was th e n  b a k e d  in an oven a t  more th a n  1U0°C 
b e fo re  u s e .  A silicon g re a s e ,  Apiezon N (A piezon P r o d u c t s  L t d . ,  
E ng lan d )  was u s e d  on th e  g ro u n d  g la ss  jo in ts  in p r e f e r e n c e  to  p e tro leum  
g r e a s e s .
A n a ly s is  of u n s p ik e d  Mazola oil show ed th a t  c h lo rp ro p h a m  a n d  
c o -c h ro m a to g ra p h in g  co m p o n en ts  w ere le ss  th a n  th e  e q u iv a le n t  of 1.3 p.g 
of ch lo rp ro p h a m . T h is  r e p r e s e n t s  a r e s id u e  of 0.02 u g / g  of oil
T he  conclusion  of th e  w ork on Mazola oil was to  h a v e  b e e n  the  
e x t ra c t io n  of an oil sample which had  re c e iv e d  only a low leve l of 
fo r t i f ica t io n  to  v e r i fy  if th e  same h ig h  re c o v e ry  r a t e  of th e  m uch  h ig h e r  
2 mg fo r t i f ica t io n  level could  be m ain ta ined . H ow ever, th i s  was n o t  
c a r r i e d  o u t ,  due  to  commercial m ateria l becom ing availab le  a n d  th e  r e s u l t s  
from s u c h  a s tu d y  would n o t  have  been  en t i re ly  r e l e v a n t  to  th e  commercial 
s a m p le s .
3. 3 T he  F inal M ethod fo r  th e  D eterm ination  of C h lo rp ro p h am  R e s id u e s  
in Oil
As m en tioned  p re v io u s ly ,  it  is a simple m a t te r  to  e x t r a c t  th e  oil 
from c r i s p s .  T h is  sec tion  dea ls  with th e  m ethod u se d  to d e te rm in e  th e  
ch lo rp ropham  r e s id u e s  in oil. T he  e x tra c t io n  of oil from c r i s p s  is 
d e s c r ib e d  in b ec t ion  3 .4 .4 .
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3 .3 .1  M ateria ls  a n d  m ethods
All so lv e n ts  w ere h igh  p r e s s u r e  l iqu id  c h ro m a to g ra p h y  g ra d e ,
u n le s s  o th e rw ise  s t a t e d ,  an d  were su p p lied  b y  R a th b u r n  Chemical Co. ,
W alker b u r n ,  P e e b le s s h i re ,  Scotland .
E x t ra c t io n  of ch lo rp ropham  from oil:
a .  15 ml h e x a n e  was a d d e d  to 60g of oil o b ta in e d  from c r i s p s ,  o r  in the  
case  of f r i e r  oil, from a sample which was ta k e n  d i r e c t ly  from th e  
f r i e r .  H exane  r e d u c e d  th e  v iscos ity  of th e  oil a n d  e n s u r e d  th a t  all 
com ponen ts  rem a in ed  liqu id  a t  room te m p e ra tu r e .
b .  75 ml of a c e to n i t r i le  e x t r a c ta n t  was ad d ed  to a s e p a r a t in g  fu n n e l  
co n ta in in g  th e  oü a n d  h ex an e ,  and  sh ak en  v ig o ro u s ly  fo r  1 m inute . 
T h e  a c e to n i t rü e  e x t r a c ta n t  cons is ted  of 12 of a c e to n i t r ü e ,  s a tu r a t e d  
w ith  h e x a n e ,  to  which was added  10 ml of 2.5% a q u e o u s  sodium 
ch lo r id e  (A .R .  G ra d e ,  H opkins and  Wüliams, R om ford , E n g la n d ) .  
A ny p r e c ip i t a t e d  sodium chloride  was d raw n  o ff .
c .  T h e  a c e to n i t rü e  e x t r a c t  ob ta ined  in (b )  was v ig o ro u s ly  s h a k e n  in 
s e q u e n c e  in a s e r ie s  of fo u r  s e p a ra t in g  fu n n e ls ,  each  co n ta in in g  
30 ml of h e x a n e .  Washing with h ex an e  r e d u c e d  th e  q u a n t i ty  of oü 
in  th e  a c e to n i t rü e  e x t r a c t .
d .  T h e  O Ü  in  (b )  w as e x t r a c te d  with a f u r t h e r  75 ml of a c e to n i t rü e  
e x t r a c t a n t ,  w hich  was th e n  w ashed  in th e  same lo ts  of h ex a n e  
co n ta in e d  in th e  same fu n n e ls  and  in th e  same s e q u e n c e  a s  th e  f i r s t  
a c e to n i t rü e  e x t r a c t .
e .  S tep  (d )  was r e p e a te d  twice more to give fo u r  lo ts  of ace to n i t r i le  
e x t r a c t  w hich was th e n  b u lk e d .
f.  To r e d u c e  lo sse s  of ch lo rp ropham  to th e  h e x a n e ,  30 ml of f r e s h  
ace to n i t r i le  e x t r a c t a n t  was p a s s e d  th ro u g h  th e se  fu n n e ls  w ith  
v ig o ro u s  sh a k in g  in th e  same s e q u e n c e  as  b e fo re .  T h e  p ro c e d u r e  
w as r e p e a te d  w ith  a f u r t h e r  two lo ts  of 30 ml of f r e s h  e x t r a c t a n t .
g . T h e  ace to n i t r i le  (90 ml) from (f) was combined w ith  th e  b u lk  o b ta in e d  
a t  s te p  ( e ) .
h .  T he  so lv en t  was rem oved  u n d e r  p a r t ia l  vacuum  in a r o t a r y  e v a p o ra to r  
a t  a te m p e ra tu re  n o t  exceed ing  40°C. The small q u a n t i ty  of oil 
( a b o u t  1 ml) th a t  rem ained  was rem oved an d  th e  sample c le a n e d -u p  
u s in g  an alumina column.
3 .3 .2  Alumina column c le a n -u p
To 85g of n e u t r a l  alumina, 15 ml of w a te r  was a d d e d  an d  s h a k e n  
o v e r n ig h t  on a re c ip ro c a t in g  s h a k e r  (G riff in  an d  G eorge  L t d . ) .  A 25 cm 
b y  0 .9  cm i . d .  g la ss  column with a s in te re d  g lass  b a se  was fil led  to w ith in  
5 cm of th e  top  w ith  h e x a n e .  The d eac t iv a ted  alumina was slowly a d d e d  
to th e  column a n d  a flow r a te  of 1 ml/min of h ex an e  was m a in ta ined  
th r o u g h o u t  th e  p a c k in g  of th e  column. Gentle t a p p in g  on th e  s ide  of th e  
column d u r in g  p a c k in g  p ro d u c e d  a more dense  b e d .  I t  was im p o r ta n t  n o t  
to a d d  th e  alum ina too qu ick ly  as a ir  b u b b le s  w hich  w ere  c a r r i e d  in to  th e  
h e x a n e  b y  th e  alumina h ad  to be  given su ff ic ien t  time a n d  sp ace  to come 
to th e  s u r f a c e .  I f  th e  alumina was ad d e d  too q u ick ly  th e  d en se  b a n d  of 
d e s c e n d in g  alum ina c a r r i e d  th e  a ir  b u b b le s  down a n d  e n t r a p p e d  them  in
th e  alum ina b e d  which would lower th e  p e r fo rm a n ce  of th e  column. A ny  
alum ina w hich  a d h e re d  to th e  wall of th e  column was w ashed  down with 
h e x a n e .  When an alumina b ed  of 15 cm h ad  b een  b u i l t  u p ,  a 1 cm deep  
l a y e r  of a n h y d r o u s  sodium su lp h a te  was a d d e d .  T h e  column th e n  h a d  
30 ml of 5% d ie th y le th e r  in hexane  r u n  th r o u g h  b e fo re  th e  c o n c e n tra te  
from (h )  above  was d isso lved  in app rox im ate ly  2 ml of 5% d ie th y le th e r  
in h e x a n e  a n d  app l ied  on top of th e  column. S u b s e q u e n t  w ash ings  of 
th e  f la s k  w hich  co n ta in ed  th is  c o n c e n tra te  w ere  also app l ied  to th e  column 
to  e n s u r e  q u a n t i ta t iv e  t r a n s f e r .  T he  flow r a t e  was a d ju s te d  to le s s  th a n  
1 ml/min a n d  the  f i r s t  80 ml of e luan t was co llec ted , r e d u c e d  in volume a t  
a t e m p e r a tu r e  n o t  exceed ing  40°C u n d e r  p a r t i a l  vacuum  in a r o ta r y  
e v a p o r a to r  a n d  th e n  made to a volume of 1 ml w ith  h e x a n e  for GC an a ly s is
3 .3 .2  D e te rm ina t ion  of ch lorpropham  b y  GC
T h e  in s t ru m e n t  used  was a P a c k a rd  419 s e r ie s  GC e q u ip p ed  
w ith  flame ion isa tion  d e te c to rs  ( F I D ) .
GC c o n d i t io n s  w ere  as  follows;
Column: 2 m x 4 mm i . d .  g la ss  column p a c k e d  with 15%
OV 101 on 100/120 m esh Gas Chrom  Q 
C a r r i e r  Gas: N itrogen  a t  a flow r a t e  of 40 ml/min
O ven te m p .:  170°C
D e te c to r  te m p e ra tu re :  285°C
FID flame gas: H ydrogen  a t  40 ml/min
O x id a n t  G as: O xygen a t 110 ml/min
T h e  FID s ig n a l  was r e c o rd e d  on a fla t b e d  p o ten tio m etr ic  r e c o r d e r  
(S e r v o s c r ib e  Model 15 RE541.20).
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L in e a r  r e s p o n s e  of the  FID was c h e c k e d  b y  th e  in jection of
0.05 p.g-1 M-g c h lo rp ro p h a m . The FID re s p o n s e  was ca lcu la ted  by  th e  
m ethod  of t r i a n g u la t io n .  A s ta n d a rd  c u rv e  was c o n s t r u c t e d  an d  a l in e a r  
r e s p o n s e  was o b s e r v e d  o ver  th is  r a n g e  (F ig u re  3 .1V ). D u r in g  a n a ly se s  
r u n s  on th e  GC in jec tions  of a s ta n d a r d  of similar c o n c e n tra t io n  to the  
sam ples  a s  well as  s t a n d a r d s  of h ig h e r  an d  low er c o n c e n t ra t io n s  th a n  th e  
sam ples  b e in g  a n a ly se d  w ere made and  if th e  u n i t  r e s p o n s e  from th e  
s t a n d a r d s  w ere  sim ilar,  th e  av e rag e  u n i t  r e s p o n s e  was u s e d  to de te rm ine  
th e  ch lo rp ro p h a m  c o n ce n tra t io n  in th e  sample f la s k s  w ithou t re fe re n c e  to 
a s t a n d a r d  c u r v e .
Hamilton s y r in g e s  were u se d  for all GC in je c t io n s .  For sam ples 
of up  to  1 M-l, a 7000 se r ie s  s y r in g e  was u s e d .  T h e s e  s y r in g e s  hold th e  
sam ple in th e  need le  an d  th e  p lu n g e r  is a fine  w ire w hich  t r a v e l s  to the  
e n d  of th e  n eed le  to expel the  sample. F or in jec t io n s  of more th a n  1 m.1, 
a 700 s e r ie s  Hamilton sy r in g e  was u s e d .  T h e  sample in th i s  ty p e  of 
s y r in g e  is h e ld  in th e  g lass  b a r re l  an d  th e  p lu n g e r  only  e x te n d s  to th e  top  
of th e  n e e d le ,  b u t  does no t e n te r  i t .  T he  volume of sample capab le  of 
b e in g  h e ld  in th e  need le  is abou t 0 .8 p-l. D u r in g  sample in jec tion , some 
of th i s  0 .8  ^1 is  lo s t  from th e  need le  th r o u g h  v a p o r is a t io n  a n d  ad d s  to th e  
volume in je c te d .  T h is  makes li ttle  d if fe re n ce  w hen only  one in jection  
volume is  u s e d  fo r  s t a n d a r d s  an d  samples alike, p r o v id e d  th e  need le  
rem a in s  in th e  in jec tion  p o r t  for th e  same p e r io d  of time a t each  in jec tio n ,  
a n d  does  n o t  a f fe c t  th e  acc u racy  of th e  d e te rm in a tio n  of th e  sample 
c o n c e n t r a t io n .  H ow ever, w hen v a ry in g  in jec tion  volum es w ere  u s e d ,  
n o n - l i n e a r  s t a n d a r d  c u rv e s  w ere o b ta in ed .
To overcom e th is  problem a b u b b le  of a i r  was d raw n  up in to  
th e  s y r in g e  p r io r  to th e  sample b e in g  load ed .  T he  ch ro m a to g ra p h y
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r e s u l t in g  from th e  use  of th i s  te ch n iq u e  sho u ld  be im proved  s in ce  th e  
sample is in jec te d  in to  th e  column in a more d is c re te  b a n d  w ith  only 
s o lv e n t  be ing  slowly vo la ti l ised  from th e  need le  b u t ,  in f a c t ,  on ly  
m arg in a l  im provem ent in th e  ch ro m a to g rap h y  of s h o r t  r e te n t io n  time 
s u b s t a n c e s  could  b e  o b s e rv e d .  A lthough  th e  7000 s e r ie s  s y r in g e s  would 
in je c t  all of th e  sample c a r r i e d ,  an d  a re  availab le  in 5 p.1 form , th e  n ee d le  
d iam ete r  is co n s id e ra b ly  g r e a t e r  th a n  i ts  1 gl e q u iv a le n t  a n d ,  as  a 
c o n s e q u e n c e ,  g re a t ly  r e d u c e s  sep tum  life.
3 .4 .1  A nalys is  of commercial samples
T h e  help  of UniiscBiscuits Foods s ta f f  is g ra te fu l ly  ack n o w le d g ed .
In  o rd e r  to u n d e r s ta n d  a t  w hat p o in ts  in th e  p ro d u c t io n  p ro c e s s  
th e  sam ples w ere  d ra w n ,  i t  would be a d v a n ta g e o u s  to g ive a s h o r t  
d e s c r ip t io n  of th e  c r i s p in g  p ro c e s s .
Whole p o ta to e s  co n ta in ed  in 1 to n n e  pa l le t  b oxes  a r e  p la c e d  a t 
th e  b e g in n in g  of th e  p ro d u c t io n  line and  th e se  a r e  t ip p e d  in to  m achines  
w hich  w ash  a n d  a b ra s iv e ly  peel th e  tu b e r s .  T he  p ee le d  t u b e r s  a r e  th e n  
s liced  (1 m m -2 mm in th ic k n e s s )  a n d  th e se  a r e  th e n  w ash ed  a g a in .  Hot 
w a te r  may be u s e d  to  w ash  th e se  s lices if th e  t u b e r s  h av e  show n a h ig h  
r e d u c in g  s u g a r  c o n c e n tra t io n .  S ta rc h  is o ften  rem oved  from th e  w ash in g s  
of th e  s liced  t u b e r s .  T he  slices a re  th e n  co n v ey e d  to th e  d eep  f a t  f r i e r s  
w hich  u se  a v e g e ta b le  oil to f r y  the  s lices a t  180°C to p ro d u c e  th e  c r i s p s .  
T h e  f ry in g  p ro c e s s  ta k e s  ab o u t 5-6 m inutes, w ith  th e  whole p r o c e s s  ta k in g  
a b o u t  10 m in u tes .  T he  h ig h  r a t e  of oil rem oval from th e  f r i e r  b y  th e  
c r i s p s  n e c e s s i t a te s  f r e q u e n t  add itions  of f r e s h  oil. T he  oil is  com plete ly  
d ra in e d  from th e  f r i e r s  w hen an u n acc ep tab ly  h ig h  ac id  n u m b e r  is
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is  o b s e rv e d  in sam ples ro u t in e ly  draw n from th e  f r i e r .  T n is  d ra in e d  oil 
can  th e n  b e  a d d e d  in small q u a n t i t ie s  to th e  oil u s e d  to r e p le n is h  that 
rem oved  from th e  f r i e r s  in the  c r i s p s .  A f te r  th e  c r i s p s  a r e  elevated out 
of th e  f r i e r s ,  th e  e x c e ss  oil is allowed to d r ip  onto co llec t ing  trays to be 
p a s s e d  b ack  in to  th e  f r i e r s  b e fo re  th e  c r i s p s  a r e  p a s s e d  u n d e r  a bank of 
i n f r a - r e d  (IR ) h e a t e r s  to re d u c e  th e  oil c o n te n t .  T he  final operations of 
cooling a n d  ad d i t io n  of f la v o u r in g s  ta k e s  p lace b e fo re  p a c k a g in g .  The 
o u tp u t  of th e  p ro d u c t io n  line is abou t one to n n e  c r i s p s / h o u r ,  correspond­
in g  to ab o u t  4-5 t o n n e /h o u r  of f r e s h  p o ta to es .
Samples w ere  o b ta ined  from U nited  B isc u i ts  crisp factory in 
G rim sb y .  T he  sam ples o b ta ined  were:
1. S liced p o ta to es  which h ad  re c e iv e d  h o t  w a te r  w ash in g
2. Oil from th e  f r ie r
3. C r i s p s  a f te r  th ey  em erged  from th e  f r i e r  and the excess 
oil h a d  d r ip p e d  off them b u t  b e fo re  passing under the 
in f r a - r e d  h e a te r s .
While sam pling  tech n iq u e  is an im p o rtan t  consideration in any 
a n a ly s i s ,  it was fe l t  th a t  the  d eg ree  to w hich in d iv id u a l  tubers had been 
d iv id e d  a n d  m ixed p r io r  to w ashing an d  f ry in g ,  would result in a uniform 
a n d  eas ily  sam pled  m ateria l .  This  is no t so w ith chlorpropham treated 
whole t u b e r s ,  w h e re  la rg e  v a r ia t io n s  of ch lo rp ropham  application have 
b een  n o te d  (B o y d ,  1980) . T hese  la rg e  app lica tion  variations have 
r e s u l t e d  in a wide r a n g e  of ch lo rp ropham  re s id u e s  to r  whole tubers. 
H ow ever ,  p ee l in g  r e s u l t s  in a n a rro w in g  of th e  r a n g e  o t residues values 
(B o y d ,  1980).
T he  sam pling  of slices and  c r i s p s  in v o lv ed  merely the picking 
ot a r e p r e s e n t a t i v e  sample of c r i s p s  an d  s lices trom t h e  conveyers.
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The oil from th e  f r i e r  was o b ta in ed  from a d ra in  v a lv e .  T he  
oil d i s c h a r g e d  from th i s  va lve  was co llec ted  in a s ta in le s s  s tee l  b e a k e r  a n d  
allowed to cool b e fo re  b e in g  p o u re d  in to  em pty so lven t w in c h e s te r s .
3 .4 .2  A n a ly s is  of s lices
T he  ch lo rp ro p h am  re s id u e  in th e  po ta to  s lices  was d e te rm in e d  
u s in g  a similar m ethod  to th a t  u se d  in th is  d e p a r tm e n t  b y  Isabel B o y d .
T h e  m odified m ethod  of C e rn y  an d  B lum entha l ( 1972) a s  d e s c r ib e d  b y  
B o y d  e t  ( 1982) was su b je c t  to only minor m odification. T h e  p r o c e d u r e  
u s e d  was as  follows:
To a top  d r iv e  m acera to r  (Thom son and  M erc e r ,  C ro y d o n ,  
E n g la n d ) ,  75g of s liced  p o ta to es  (c v .  R e c o rd ) ,  140g of a n h y d r o u s  sodium 
s u lp h a te  a n d  125 ml of g la ss  d is ti l led  g ra d e  h exane  ( R a t h b u r n  Chemical 
C o . )  was a d d e d .  T h is  was b le n d e d  for 2% m inutes a n d  th e n  th e  c o n te n ts  
t r a n s f e r r e d  q u a n t i ta t iv e ly  b y  th e  u se  of h exane  w a sh in g s  to  a s c r e w -c a p p e d  
aluminium b o tt le  a n d  p la ced  on th e  re c ip ro c a t in g  s h a k e r  (G r if f in  a n d  G eorge  
L t d . )  o v e r n ig h t .  T he  c o n te n ts  of th e  b o tt le  w ere th e n  f i l t e r e d  th r o u g h  
Whatman No. 1 p a p e r  in a B u c h n e r  assem bly  with su c t io n  a n d  th e  f i l te r  
p a d  w ash ed  w ith  h e x a n e  s ev e ra l  tim es. The f i l t r a te  was th e n  r e d u c e d  to 
ab o u t  1 ml b y  r o t a r y  evapo ra tion  u n d e r  r e d u c e d  p r e s s u r e  a t  a t e m p e r a tu r e  
n o t  ex c e e d in g  40°C.
T h is  c o n c e n t r a te d  h ex an e  e x t r a c t  was c le a n e d  up  on an alumina 
colum n, as  d e s c r ib e d  in Section 3 .3 .2 ,  T he column w as e lu te d  w ith  5% 
d ie th y le th e r  in h e x a n e  a n d  th e  f i r s t  80 ml collected  was r e d u c e d  in volume 
to 1 ml b y  r o t a r y  e v a p o ra t io n .  The ch lo rp ropham  c o n c e n t ra t io n  in th i s  
c le a n e d  up  e x t r a c t  was de te rm in ed  u s in g  th e  GC co n d i t io n s  d e s c r ib e d
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in S ection  3 .3 .3 .  An exam ple of a chrom atogram  p ro d u c e d  is  shown in 
F ig u re  3 .V . T he 80-120 ml frac tio n  from  th e  column was also  analysed 
fo r  ch lo rp ro p h a m  b u t  it  was found  to  co n ta in  n o n e .
T he  above  m ethod was u sed  to re c o v e r  50 jig of chlorpropham 
w hich  h a d  b e e n  u se d  to  sp ike  dup lica te  sam ples of p o ta to e s . The potatoes 
( c v .  R eco rd ) w ere grow n in a d ep artm en ta l f ie ld  trial a n d  therefore were 
of know n h is to ry .  T he tu b e rs  w ere w ash ed , d ic ed , a n d  placed in the 
m a c e ra to r  p r io r  to  ad d itio n  of th e  ch lo rp ropham  in  1 ml of hexane. The 
re c o v e ry  of th e  ap p lied  ch lo rp ropham  a v e ra g e d  88.3% a n d  all residues of 
w ash ed  a n d  p e e le d  tu b e r s ,  u n w ashed  tu b e r s  a n d  s lic e s  have been 
c o r r e c te d  fo r  th is  fa c to r .
3 .4 .3  A n a ly s is  of f r ie r  oil
T h e  oil from  th e  c risp  f r ie r  a t G rim sby  w as analysed to 
d e te rm in e  th e  re s id u e  of ch lo rp ropham  p r e s e n t .  T h e  method used was 
th a t  d e s c r ib e d  in Section  3.3.1, w ith th e  s ta n d a r d  60g oil sample size 
b e in g  u s e d .  B efo re  th is  60g sample was d raw n  from  the winchester 
c o n ta in in g  th e  o h , it was h e a te d  to  abou t 40°C in  order to produce a 
u n ifo rm  c o n s is te n c y  of oil. T h is  p re v e n te d  th e  possibility of concen­
t r a t in g  th e  ch lo rp ro p h am  in fra c tio n s  w hich  h a d  segregated trom each 
o th e r  w hen com ponen ts  of th e  oil so lid ified  at room temperature.
D ue to  th e  n o n -a v a ü a b ility  of a similar oil which could be 
a ssu m ed  to  b e  f r e e  of ch lo rp ro p h am , re c o v e ry  factors had to be deter­
m ined b y  a d d in g  ch lo rp ro p h am  to  th e  same samples as were used for 
r e s id u e  a n a ly s i s . T he re c o v e ry  fa c to rs  w ere  calculated by taking account 
of th e  r e s id u e  a lre a d y  p r e s e n t .  T he u se  of small fortifications of
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ch lo rp ro p h a m  (2 0 n g /6 0 g  oil) to sam ples th a t  a lre a d y  c o n ta in e d  c h lo r­
p ro p h am  r e s u l te d  in  in c o n s is te n t re c o v e ry  f a c to rs .
H ow ever, c r is p s  p ro d u c e d  from u n tre a te d  p o ta to e s  becam e 
av a ilab le  a t a la te r  d a te  (s e e  Section 3 .7) an d  th e y  show ed  low c h lo r­
p ro p h am  r e s id u e s . T h e  re c o v e ry  fa c to r  was d e te rm in e d  u s in g  th e s e  
c r is p s  a n d  fo u n d  to  be  93.2% S .D , ± 6 .37 an d  all r e s id u e s  in  oil an d  
c r is p s  h av e  b een  c o r re c te d  fo r th is  re c o v e ry  fa c to r .  S e v e ra l oil 
e x t r a c t s  w ere a n a ly se d  b y  GC, u sin g  a C arbow ax 20M-TPA s ta t io n a ry  
p h a s e  in  ad d itio n  to  th e  ro u tin e  OV 101 s ta t io n a ry  p h a s e ,  in  o rd e r  to  
p o s it iv e ly  id e n tify  th e  ch lo rp ro p h am . C h lo rp ropham  w as o f te n  a d d e d  to 
th e  oil e x t r a c ts  follow ing an a ly s is  on th e  OV 101 colum n to  e n s u re  th a t  
th is  ad d itio n a l ch lo rp ro p h a m  co -ch ro m ato g rap h ed  w ith  th e  p e a k  te n ta tiv e ly  
id e n tif ie d  on a r e te n tio n  time b a s is .
T he  GC c o n d itio n s  fo r th e  C arbow ax colum n w ere :
Colum n: 2m x  4mm i .d .  g la ss  column p a c k e d  w ith  2%
C arbow ax  20M-TPA on 100/120 m esh G as C hrom  Q 
C a r r ie r  G as: N itro g en  a t 40 ml/min
O ven T e m p .: 180°C
D e te c to r  T e m p .: 285°C
In je c to r  P o r t T em p .: 225°C
FID Flame G as: H ydrogen  a t 40 ml/min
O x id an t G as: O xygen  a t 110 ml/min
F ig u re  3 .VI is  a ch rom atogram  of an  alum ina column c le a n e d -u p  c r is p  
e x t r a c t  on a C arbow ax  20M-TPA colum n.
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3 .4 .4  A n a ly s is  o f c r is p s
T h e  oil a n d  ch lo rp ropham  w ere  e x t r a c te d  from  th e  c r is p s  b y  
so lv e n t e x tra c t io n .  150g-175g of c r is p s  ( s u f f ic ie n t to  y ie ld  a t le a s t  60g 
of oil) w ere  b le n d e d  in a top  d riv e  m a ce ra to r  (T hom son  a n d  M ercer, 
C ro y d o n , E n g lan d ) w ith  200 ml h e x a n e . T he  m ix tu re  w as f i l te re d  th ro u g h  
W hatman No. 1 P a p e r  in a B u ch n e r assem b ly  w ith  su c tio n  a n d  th e  
f i l t r a te  r e ta in e d .  T he  re s id u a l so lid s w ere th e n  b le n d e d  w ith  a m ix tu re  
of 150 ml h e x a n e  a n d  15 ml d ie th y le th e r ,  a n d  th e  m ix tu re  f i l te r e d  as  above; 
th e  f i l t r a te  w as r e ta in e d .  T he re s id u e  was fin a lly  b le n d e d  w ith  100 ml 
h e x a n e  an d  15 ml d ie th y le th e r ,  an d  th e  m ix tu re  f i l te r e d .  T h e  th r e e  
f i l t r a te s  w ere  com bined  an d  th e  so lv en ts  rem oved  u n d e r  patrtial vacuum  in 
a r o ta r y  e v a p o ra to r  a t a te m p e ra tu re  n o t ex ce ed in g  40°C .
T he ch lo rp ro p h am  re s id u e s  in th e  oil rem o v ed  from  th e  c r is p s  
in th is  way w as d e te rm in e d  u s in g  th e  same m ethod  a s  th a t  u s e d  in  th e  
case  of th e  oil from  th e  f r ie r  (S ection  3 .4 .3 ) .  F ig u re  3 .V II is  a chrom a­
to g ram  from  a GC eq u ip p e d  w ith  an OV 101 colum n. T h e  sam ple w as an  
alum ina c le a n e d -u p  c r is p  e x tra c t .
T he  a n a ly tic a l r e s u l ts  fo r  th e  c r is p  oil a n d  s lic e s  sam ples 
co llec ted  from  G rim sby  a re  show n in T ab le  3 . I I I .  T h e  c r is p  a n d  oil 
f ig u re s  a re  c o r r e c te d  fo r a re c o v e ry  fa c to r  of 93.2% a n d  th e  s lices  
r e s id u e s  a re  c o r re c te d  fo r a re c o v e ry  fa c to r  of 88.3%.
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TABLE 3.Ill, CHLORPROPHAM RESIDUES IN COMMERCIAL SAMPLES




AND HOT WATER WASHING
FRIER OIL 0.40^
CRISPS^ 0.45^
^ Mean of two replicates 
^ Mean of five replicates
^ Sampling point - after frying 
and excess oil bad dripped off 
(see text)
Mean of three replicates
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3. 5 C o n tam ina tion  of U n tre a te d  M aterial
A b a tc h  of sam ples was o b ta in ed  from  th e  G rim sby fa c to ry  a t 
th e  time w hen th e  la s t  of th e  old season  p o ta to e s  w ere p ro c e s s e d . T h e  
o ld  seaso n  p o ta to e s , w hich  h ad  b een  t r e a te d  w ith  ch lo rp ro p h a m  o v e r  th e ir  
9“ 10 m onth  s to ra g e  p e r io d , w ere th e n  re p la c e d  b y  th e  new  seaso n  C y p ru s  
p o ta to e s  w hich h ad  n o t b e e n  t re a te d  w ith  ch lo rp ro p h a m . A t th is  c h a n g e ­
o v e r ,  sam ples of p ro d u c t  from th e  old season  p o ta to e s  w ere  ta k e n .
T h e  sam ples co m p rised  of:
1. W ashed a n d  p ee led  tu b e rs
2. C r is p s  a f te r  th e y  h ad  p a s s e d  u n d e r  th e  IR  h e a te r  
b a n k  to  re d u c e  th e  oil c o n te n t an d  h a d  b e e n  coo led .
T h e  sam ples of p ro d u c t  from  th e  C y p ru s  p o ta to e s  co m p rised  of:
1. Whole u n w ash ed  p o ta to  tu b e r s
2. C r is p s  a f te r  th e y  h ad  em erged  from  th e  f r i e r  an d
th e  e x c e ss  oil h ad  d r ip p e d  off them  b u t  b e fo re  p a s s in g  
u n d e r  IR  h e a te r s
3. C r is p s  a f te r  th e y  h ad  p a s s e d  u n d e r  th e  IR  h e a te r  a n d  
h a d  b e e n  cooled .
T he  c h lo rp ro p h a m  re s id u e  in  th e  c r is p s  w as d e te rm in e d  u s in g  
th e  m ethod  d e s c r ib e d  in  Section  3 .4 .4 . T he w ash ed  an d  p e e le d  o ld  
sea so n  p o ta to e s  ( c v .  R eco rd ) w ere d iced  a n d  su b  sam p led  p r io r  to  b e in g  
a n a ly se d  fo r  ch lo rp ro p h a m  in th e  same w ay as d e s c r ib e d  fo r  p o ta to  s lic e s  
(S ec tio n  3 ,4 ,2 ) .  T h e  C y p ru s  p o ta to es  (c v . A r ra n  B a n n e r)  w ere  n o t 
w ash ed  a lth o u g h  th e  small am ount of a d h e rin g  soil w as rem o v ed  b y  h a n d .  
T h e se  in ta c t  tu b e r s  w ere  d iced  and  sub  sam pled p r io r  to  a n a ly s is  u s in g
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th e  same m ethod as  th a t  em ployed fo r p o ta to  s lices  (S ec tio n  3 .4 .2 ) .  T he  
r e s u l t s  of th e se  a n a ly se s  a re  g iven  in T ab le  3 .IV .
3 .6  A n a ly sis  of C h lo rp ro p h am  U n tre a te d  M aterial
Some w eeks la te r  a f u r th e r  b a tc h  of sam ples a r r iv e d  in  G lasgow . 
T h e se  sam ples h ad  b e e n  co llec ted  from a line  w hich  h a d  n o t p ro c e s s e d  
ch lo rp ro p h am  t r e a te d  p o ta to e s  fo r some th r e e  w eek s. P ro d u c t sam ples 
from  th e se  u n tr e a te d  C y p ru s  p o ta to es  ( c v .  A rra n  B a n n e r)  co m p rised :
1. Whole u n w a sh e d  tu b e r s
2. C r is p s  a f te r  th e y  h ad  p a s s e d  u n d e r  th e  IR  h e a te r  
b a n k  a n d  h a d  b een  cooled .
A gain  th e  whole tu b e r s  w ere  n o t w ashed  an d  w ere a n a ly se d  in  th e  same 
w ay a s  th e  C y p ru s  tu b e r s  above (S ec tio n  3 .5 ) .  T h e  c r is p s  w ere  a n a ly se d  
u s in g  th e  m ethod d e s c r ib e d  above (S ec tio n  3 .4 .4 ) .
As can  b e  seen  from  th e  r e s u l t s  in  T ab le  3 .V , th e s e  c r is p s  
p ro d u c e d  from u n tr e a te d  C y p ru s  p o ta to e s  from  th e  line  w hich  h a d  b e e n  
u s in g  C y p ru s  fo r some tim e, con ta in  on ly  a v e ry  small ch lo rp ro p h am  
r e s id u e .  T h ese  c r is p s  w ere  th e n  u se d  to  t e s t  th e  re c o v e ry  of c h lo rp ro p ­
ham from  sp ik e d  sam ples of c r is p s .
3. 7 R eco v e ry  of C h lo rp ro p h am  from C risp s
T h is  s tu d y  u ti lis e d  c r is p s  w hich  h a d  show n a low ch lo rp ro p h am  
re s id u e  (se e  Section  3 .6  an d  T ab le  3. V ) . 1 ml of O .I m g/m l ch lo rp ro p h a m
in  h e x a n e  was a d d e d  d ro p  wise to  c r is p s  c o n ta in ed  in  a b le n d e r .  T he 
so lv e n t was allow ed to  e v a p o ra te  p r io r  to  th e  oü b e in g  e x t r a c te d  w ith
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h e x a n e  a n d  a n a ly se d  in  th e  norm al m anner (se e  Section  3 .4 .4 ) .
T ab le  3 .VI show s th e  r e s u l t s  of th e  ch lo rp ro p h am  re c o v e ry  
d e te rm in a tio n s . T he  mean re c o v e ry  v a lue  of 93.2% is u se d  in  c o r re c t in g  
all c r is p  a n d  f ry in g  oil ch lo rp ropham  re s id u e  v a lu e s .
3 .8  D iscu ssio n
Many of th e  im p o rtan t p o in ts  n o te d  d u r in g  th e  d ev elopm en t of 
th e  a n a ly tic a l m ethod  an d  d u r in g  th e  re s id u e  d e te rm in a tio n s  h a v e  b e e n  
m en tioned  in  p re v io u s  sec tio n s  s in ce  it m akes th e  p ro c e d u re s  e a s ie r  to 
fo llow .
T h e  r e s u l t s  g iven  in T ab le  3 .I l l  show th a t  th e  m ajo rity  of th e  
ch lo rp ro p h a m  w hich  e n te r s  th e  f r ie r  as  a re s id u e  in  th e  s lic e s , e n d s  up 
in  th e  c r i s p s ,  b e a r in g  in mind th a t  th e  slices a re  re d u c e d  in w e ig h t, 
th ro u g h  d e h y d ra t io n ,  b y  a fac to r of m ore th a n  th r e e  a s  th e y  a re  f r ie d  
to  p ro d u c e  c r i s p s .  T h ese  re s id u e s  a re  no t in s ig n if ic a n t b u t ,  in  view  of 
th e  h ig h  a c u te  o ra l LDg^ fo r r a t s ,  5000-7500 mg c h lo rp ro p h a m /k g  b o d y  
w e ig h t a n d  th e  a b se n c e  of an y  d a ta  show ing h arm fu l e f fe c ts  r e s u l t in g  
from  long  te rm  fe e d in g  s tu d ie s  (A n o n , 1978) an d  s in ce  c r is p s  w ould 
on ly  c o n s ti tu te  a small p a r t  of th e  d ie t ,  th e re  w ould seem li t t le  cau se  
fo r  c o n ce rn  o v e r  th e se  re s id u e  f ig u re s .
T h e se  r e s u l t s  a re  in c o n tra s t  to th o se  of M arten s  e t (1971) 
a n d  G ard  (1959 ). G ard  u se d  one b a tc h  of p o ta to e s  w hich  was s p ra y e d  
w ith  a 0.5% c h lo rp ro p h a m  em ulsion a n d  s to re d  fo r s e v e ra l m on ths b e fo re  
b e in g  u se d  to  p ro d u c e  c r is p s .  T he re s id u e  of ch lo rp ro p h a m  in 
th e se  c r is p s  w as le s s  th a n  th e  0.05 |ig /g  lim it of s e n s i t iv i ty  fo r  th e ir  
te c h n iq u e . A f u r th e r  b a tc h  of p o ta to e s  was t r e a te d  b y  s p ra y in g  w ith  a
TABLE 3.IV. CONTAMINATION OF FRIED PRODUCTS PRODUCED FROM UNTREATED 
TUBERS
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Sampling Point Starting Material Chlorpropham ^ 
Residue |ig/g
WASHED AND 
PEELED TUBERS CHLORPROPHAM TREATED
0.26
CRISPS AFTER FRYING












UNDER I.R. HEATERS CHLORPROPHAM UNTREATED 0.36
AND AFTER COOLING
(FROM CYPRUS TUBERS)
Mean of two replicates
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1% c h lo rp ro p h a m  em ulsion . A fte r  th e se  tu b e r s  w ere  s to re d  fo r  a s h o r te r  
p e r io d  of tim e th a n  th e  f i r s t  b a tc h , a re s id u e  of 0 .85 M-g/g in th e  p e e le d
tu b e r  a n d  0.075 h g /g  in th e  c r is p s  was r e p o r te d .  I t  may b e  w o rth  
p o in tin g  o u t to  th e  r e a d e r  th a t  w hat in N o rth  A m erica a re  r e f e r r e d  to  as  
c h ip s ,  we in  B r ita in  call p o ta to  c r is p s .
M arten s  ot a l . (1971), u s in g  th e  same an a ly tic a l m ethod  as 
G ard  (1959) i . e .  th e  m ethod of G ard  an d  R u d d  (1953), r e p o r t s  th a t  
m anually  p e e le d  p o ta to e s  w ith  a ch lo rp ropham  re s id u e  of 0 .55 p g /g  a n d  
a p ro p h am  re s id u e  of 0. 36 u g /g  h ad  th e se  r e s id u e s  r e d u c e d  to  0.25 n g /g  
of b o th  p ro p h am  an d  ch lo rp ro p h am  a f te r  s lic in g  to  a th ic k n e s s  of 1 .25 mm 
a n d  f ry in g  in  p e a n u t oü a t 145°C fo r 5-6 m in u te s . A seco n d  f ry in g  fo r  
2-3  m in u tes  a t  180^0 in  a h y d ro g e n a te d  v e g e ta b le  oü f u r th e r  re d u c e d  th e  
ch lo rp ro p h a m  a n d  p ro p h am  to le ss  th a n  0.05 p g /g  of e a c h .
In  b o th  of th e se  s tu d ie s ,  h ig h  re s id u e s  of ch lo rp ro p h a m  w ere  
d e te c te d  in  th e  p ee led  tu b e r s  com pared to th e  m a te ria l o b ta in e d  from  
G rim sb y , y e t  v e ry  m uch low er re s id u e s  in  th e  c r is p s  w ere  o b s e rv e d .  
H ow ever, th e se  a u th o rs  fa ü e d  to s ta te  w h e th e r  o r n o t f r e s h  new  oü w as 
u s e d  to  f r y  th e  s lic e s . T h is  is an im p o rtan t om ission s in ce  it  is  fea s ib le  
th a t  f ry in g  in  f r e s h  o ü , w hich h a s  n o t b een  p re v io u s ly  u s e d  to  f ry  
c h lo rp ro p h a m  tr e a te d  tu b e r s ,  would itse lf  b e  f re e  of ch lo rp ro p h a m  a n d , 
w hen  s lic e s  w ere  f r ie d  in  th is  oü , th e  ch lo rp ro p h am  cou ld  h av e  b een  
d is s ip a te d  th ro u g h o u t  th e  oü and  th e  ch lo rp ro p h a m  re s id u e  in  th e  c r is p s  
th e r e b y  lo w ered  to  a lev e l le s s  th a n  th a t  of th e  lim it of s e n s i t iv i ty  fo r  
th e i r  m e th o d . T h e  sam ples co llec ted  from G rim sb y , on th e  o th e r  h a n d , 
h a d  come from  a f r i e r  w hich  h ad  been  p ro c e s s in g  ch lo rp ro p h am  t r e a te d  
p o ta to e s  fo r  some time a n d  th e  oü had  n o t b e e n  c h a n g e d  fo r  s e v e ra l w eek s .
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T h is  h a d  allow ed th e  c o n c e n tra tio n  of ch lo rp ro p h am  in th e  oil to  b u ü d  up  
to  th e  e x te n t th a t  a co n c e n tra tio n  of 0 .4  lig of c h lo rp ro p h a m /g oil was 
d e te c te d .
I t  is  a p p a r e n t ,  ho w ev er, from  T able 3 .I l l  th a t  th e  re s id u e  in 
th e  c r is p  is n o t a r e s u l t  of i ts  oil c o n te n t, s ince  th e  r e s id u e  of c h lo r­
p ro p h am  in th e  c r is p  is  g r e a te r  th a n  th a t  in th e  f r ie r  oil a n d  th e  oil 
c o n te n t of th e  c r is p s  is  on ly  ab o u t 35%. T he slices  m u st th e re fo re  r e ta in  
m uch of th e  re s id u e  d u r in g  th e  fry in g  p ro c e s s  o r th e  s lices  c o n c e n tra te  
ch lo rp ro p h a m  from  th e  f r i e r  oil as th e y  a re  p ro c e s s e d .  Some in d ica tio n  
a s  to  w hich  m echanism  is o p e ra tin g  w ould hav e  b een  p ro v id e d  h ad  f r ie r  
oil sam ples b een  a n a ly se d  a t th e  time of th e  con tam ina tion  s tu d y .  
A lth o u g h  th is  s tu d y  show s th a t  u n tr e a te d  m ateria l does becom e con tam in ­
a te d  w ith  ch lo rp ro p h am  w hen fr ie d  in th e  same oü a s  t r e a te d  m a te ria l, 
i t  is  im possib le  to  s a y , w ithou t hav in g  a ch lo rp ro p h am  c o n c e n tra tio n  fo r 
th e  f r i e r  o ü , if th e  re s id u e  in th e  c r is p s  p ro d u c e d  from  u n tr e a te d  tu b e r s  
is  a r e s u l t  of ch lo rp ro p h am  h av in g  b een  c o n c e n tra te d  from  th e  f r ie r  oü 
o r th a t  th e  oü com ponent of th e  c r is p s  m erely  r e f le c ts  th e  ch lo rp ro p h am  
c o n c e n tra tio n  in th e  f r ie r  oü .
T ab le  3 . IV , as  well as show ing th a t  u n tr e a te d  m a te ria l can  
becom e co n tam in a ted  w ith  ch lo rp ropham  if it  is f r ie d  in  th e  same oil a s  
t r e a te d  m a te ria l, show s th e  e ffec t of th e  oü re d u c in g  s te p  in  th e  
m a n u fa c tu r in g  p r o c e s s .  T he re s id u e  of ch lo rp ro p h am  in c re a s e s  from  
0 .2 7  irg /g  to  0 .36 p.g/g a f te r  th e  c r is p s  h av e  p a s s e d  u n d e r  th e  in f r a - r e d  
h e a te r  b a n k  a n d  h av e  b e e n  cooled. I t  was th o u g h t th a t  th is  in c re a s e  
in re s id u e  was p ro b a b ly  a r e s u l t  of th e  re d u c tio n  in  th e  oü  c o n te n t ,  
a l th o u g h  fo r su c h  an in c re a se  in re s id u e  to  h av e  o c c u r r e d ,  a la rg e
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re d u c tio n  in th e  oil c o n te n t would h av e  b een  n e c e s s a ry .  In  a c tu a l fa c t ,  
w hen th e  w e ig h t of oil e x tra c te d  from th e  c r is p s  is  c o n s id e re d , only  a 
small r e d u c tio n  in  oil c o n te n t ( ca . 5%) is  a p p a re n t .  T h e re fo re ,  all th a t  
c an  b e  co n c lu d e d  from  th e  f ig u re s  availab le  is  th a t  th e  ch lo rp ro p h am  
re s id u e  is  n o t r e d u c e d  b y  th e  in f r a - r e d  h e a te r  b a n k .
A s m en tioned  p re v io u s ly , th e  re c o v e rie s  of ch lo rp ro p h a m  w ere  
c o n d u c te d  on c r i s p s  w hich  h ad  show n a low c h lo rp ro p h a m  re s id u e  of 
0 .035 |ig /g  ( s e e  T ab le  3 .V ) . T he re c o v e rie s  of 100 p.g fo r tif ic a tio n  of 
ch lo rp ro p h a m  a re  show n in T able 3 .VI (93.2% a v e ra g e )  a n d  th e y  w ere 
m ore c o n s is te n t  th a n  w hen re c o v e rie s  of 20 ng am o u n ts  of ch lo rp ro p h am  
w ere  u se d  to  sp ik e  th e  f r ie r  oil in th e  in itia l a n a ly se s  of com m ercial 
sam ples (s e e  S ec tio n  3 .4 . 3 ). T he re c o v e rie s  from  th e  20 ug sp ik e d  
sam ples h ad  f i r s t  to  be c o rre c te d  fo r th e  r e s id u e  a lre a d y  p r e s e n t  a n d , 
c o n s e q u e n tly , th e  re c o v e ry  of sp ik ed  m ateria l r a n g e d  from  u n d e r  70% to  
o v e r  135%,
T h e  re c o v e ry  fa c to r  of 93.2% o b ta in e d  from  c r is p s  w as u s e d  to  
c o r r e c t  th e  am o u n ts  of ch lo rp ropham  e x tra c te d  from  b o th  c r is p s  an d  oil. 
No oil was o b ta in e d  w ith  th e  d isp a tc h  of m a te ria l c o n ta in in g  th e  c r is p s  
w ith  v e ry  low ch lo rp ro p h am  re s id u e  an d  th e re fo re  th is  sam e 93.2% 
re c o v e ry  fa c to r  w as also  u sed  fo r  th e  c o rre c tio n  of th e  q u a n ti t ie s  of 
c h lo rp ro p h a m  a c tu a lly  e x tra c te d  from  th e  f r ie r  oü to  g iv e  th e  re s id u e  
v a lu e s  q u o te d .
T h e  r e s id u e  v a lu es  a re  in  g en e ra l a g re e m e n t w ith  th o se  
o b ta in e d  b y  D alziel an d  D uncan (1980), w hen w o rk in g  w ith  th e  s p ro u t  
s u p p r e s s a n t  te c n a z e n e . T h ey  fo u n d  th a t  s lic e s  w ith  r e s id u e s  of 0 .14  
g g /g  of slice  p ro d u c e d  c r is p s  w ith 0 .55  ng te c n a z e n e /g  f r ie d  p ro d u c t  
im m ediately  a f te r  f r y in g .  T he final p ro d u c t  a f te r  th e  oü  re d u c tio n  s te p
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TABLE 3.V. RESIDUES OF CHLORPROPHAM IN PRODUCTS PRODUCED FROM 




CRISPS AFTER FRYING AND 
AFTER PASSING UNDER I.R. 















Corrected for an initial residue of 0.038 Jig/g
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h a d  a r e s id u e  of on ly  0 .25 [ ig /g . A con tam ina tion  e x p e rim e n t w as also  
c o n d u c te d  b y  D alziel a n d  D uncan  ( 1980) an d  th e y  fo u n d  th a t  s lic e s  w ith  
a te c n a z e n e  re s id u e  of 0 .00  lig /g  h ad  a fina l re s id u e  of 0 .34  ( ig /g  a f te r  
f r y in g .  S ince th e  f r ie r  oil b e fo re  th e  p ro c e s s in g  of th e  u n tr e a te d  c r is p s  
h a d  a r e s id u e  of on ly  0 .07  |ig /g  (D alziel, 1978), th e n  o b v io u s ly  th e  
s lic e s  m ust c o n c e n tra te  th e  te cn azen e  from th e  f r i e r  oü .
I t  is  h o w ev er s u rp r is in g  th a t  su c h  a la rg e  p ro p o r tio n  of th e se  
s p ro u t  s u p p r e s s a n ts  w hich  e n te r  th e  f r ie r  a p p e a r  as  re s id u e s  in  th e  
c r is p s  a n d  a re  n o t lo s t from  th e  f r ie r  oü w hen f ry in g  a t h ig h  te m p e ra tu re s .  
T he  oven  te m p e ra tu re  of th e  GC w hen an a ly s in g  sam ples fo r  ch lo rp ro p h a m  
is  a ro u n d  on ly  170°C a n d  even  a t th is  te m p e ra tu re  c h lo rp ro p h a m  h a s  a 
su f f ic ie n tly  h ig h  v a p o u r  p r e s s u r e  to ach ieve a fa v o u ra b le  e q u ü ib riu m  
w ith  th e  ch lo rp ro p h am  re ta in e d  by  th e  s ta t io n a ry  p h a se  to  r e s u l t  in s h o r t  
r e te n t io n  tim es.
A sim üar s itu a tio n  m ust e x is t in th e  f r i e r s  u n le s s  th e  oü u s e d  
to  f r y  th e  s lic e s , in  th is  case  an 80% palm oü a n d  20% soya  oü com bination , 
is  c ap ab le  of re ta in in g  m ost of th e  ch lo rp ro p h am  in  th e  oü a n d  li t t le  is  
lo s t  from  th e  oü th ro u g h  v o la tü is a tio n . I t  may b e  th e  case  th a t  th e  
c h lo rp ro p h a m  v a p o u r  co n c e n tra tio n  is  s ig n if ic a n t b u t  c o n d e n sa tio n  of th is  
v a p o u r  on th e  s id e s  an d  top  of th e  f r ie r  may r e s u l t  in  i ts  r e tu r n  to  th e  
b u lk  of th e  o ü . T he  q u a n tit ie s  of w a te r e n te r in g  th e  f r ie r  ( in  th e  s lices) 
may steam  d is tü  some of th e  ch lo rp ropham  o u t of th e  o ü . I f  a s ig n if ic a n t 
c o n c e n tra tio n  of ch lo rp ro p h a m  v ap o u r e x is ts  above th e  f r i e r  oü a t  180°C 
th e n  some sco p e  fo r  re d u c in g  th e  re s id u e  in th e  c r is p s  e x is ts  if th e  
ch lo rp ro p h a m  can  b e  p r e v e n te d  from r e tu r n in g  to th e  f r i e r . D eep e r 
p e e lin g s  a n d  e n s u r in g  th a t  all of th e  p ee l is  rem oved  w ould  a lso  re d u c e
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th e  ch lo rp ro p h am  re s id u e  in  th e  s lices  an d  th e re fo re  th a t  a p p e a r in g  in  
th e  c r i s p s .
T he s ta r c h  w hich  is re c o v e re d  from th e  w ash in g  of th e  s lic es  
m ay co n ta in  s ig n if ic a n t r e s id u e s  of ch lo rp ro p h am  a n d  d e p e n d in g  on th e  
u se  to  w hich th is  is p u t  may w a rra n t some s tu d y  of th e  r e s id u e s  p r e s e n t  
in  th is  m a te ria l.
T ow ards th e  conclu sion  of th is  w ork a h ig h  p r e s s u r e  liq u id  
ch ro m a to g ra p h  (HPLC) becam e availab le  an d  th e  ch lo rp ro p h a m  c o n c e n tr a t­
ion in  s e v e ra l of th e  fin a l re s id u e  sam ples w ere q u a n tif ie d  u s in g  th is  
in s tru m e n t in  ad d itio n  to  th e  GC m ethod . T he HPLC show ed  p a r t ic u la r  
p rom ise  in b e in g  ab le  to  q u a n tify  th e  ch lo rp ro p h am  in  th e  c ru d e  a ce to ­
n i t r i le  e x t r a c t .  T he a n a ly s is  p ro c e d u re  m erely  in v o lv e d  t r a n s f e r r in g  th e  
sm all am ount of th e  re s id u a l  oil ( th a t  w hich was le f t  a f te r  e v a p o ra tio n  of 
th e  so lv e n t from th e  c ru d e  a c e to n itr ile  e x t r a c t ;  see  s te p  H, S ec tion  3 ,3 .1 )  
to  a 10 ml vo lum etric  f la sk  w hich  was th e n  made to  volum e w ith  ace to ­
n i t r i le .  D irec t in jec tio n  of a liq u o ts  from  th is  10 ml f la s k  w ere  m ade in to  
th e  HPLC e q u ip p ed  w ith  an  O D S -H y p ersü  (S h an d o n ) colum n.
T he ch ro m a to g rap h ic  co n d itio n s  u se d  to d e te rm in e  th e  c h lo r­
p ro p h am  c o n c e n tra tio n  in th e  c ru d e  a c e to n itr ile  e x t r a c t  w ere  a s  follow s: 
Colum n: 25 cm x  0 .5  cm
P ack in g : 5 |im O D S -H ypersil
E lu an t: 70% m ethanol in  w a te r
Flow R ate : 1 .0  ml/m in
P re s s u re  P r o p . : 2,500 p . s . i .
D e tec to r  (U .V . S p ec tro m e te r)  : O .IA U F S , 237 nm
F ig u re  3 .V III is  a ch rom atogram  of a c ru d e  a c e to n itr ile  e x t r a c t  o f c r i s p s .
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D u rin g  th is  w o rk , an  a ttem p t was made to re d u c e  th e  c o n te n t of oil in 
th is  10 ml a c e to n itr ile  e x t r a c t ,  b y  p a r ti t io n in g  w ith  h e x a n e . I t  w as 
th o u g h t th a t  th e  h ig h  co n c e n tra tio n  of in te r f e r in g  c o -e x tra c t iv e s  p r e s e n t  
in  th is  10 ml w ould  allow some to  b e  rem oved b y  h ex an e  p a r t i t io n in g .  
U n fo r tu n a te ly  no re d u c tio n  was p o ss ib le , b u t ,  a s  can  b e  seen  in  F ig u re
3 .V III, th is  re la t iv e ly  "clean" chrom atogram  of th e  c ru d e  a c e to n itr i le  
e x t r a c t  may p ro v id e  a r a p id  ro u tin e  m ethod fo r m on ito ring  c h lo rp ro p h a m  
re s id u e s  in c r i s p s .
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F ig u re  3 .1 . D is tr ib u tio n  of ch lo rp ro p h am  be tw een  a c e to n itr ile  a n d  oil 












F ig u re  3 .I I ,  D is tr ib u tio n  of ch lo rp ropham  be tw een  a c e to n itr i le  e x t r a c ta n t
(a c e to n itr i le  + 2% w ater) an d  oil c o n ta in in g  v a r io u s  p ro p o r tio n s  























F ig u re  3 . I I I . D is tr ib u tio n  of ch lo rp ropham  betw een  a c e to n itr ile  e x t r a c ta n t  
( a c e to n itr i le  + 1% aq u eo u s  sodium c h lo rid e )  a n d  oil co n ta in in g  
















F ig u re  3 .IV . L in e a r  re s p o n se  of th e  flame io n isa tio n  d e te c to r  to  


























F ig u re  3 .V . C hrom atogram  of h exane  e x tra c t  of p o ta to  s lic e s  u s in g  FID
e q u ip p e d  GC f it te d  w ith  an OVIOI colum n (se e  se c tio n  3 .3 .3 ) .  
In jec tio n  volum e 5 ul, a t te n u a tio n  x  40. D e te c to r  r e s p o n s e  
is e q u iv a le n t to  a co n ce n tra tio n  of 0 .22 i^g c h lo rp ro p h a m /g  
s l ic e s .




F ig u re  3 .V I. C hrom atogram  of an alum ina column c le a n e d -u p  c r isp  
e x t r a c t  on a C arbow ax 20M-TPA colum n.
In je c tio n  volume 7 pil. A tte n u a tio n  x  160. D e te c to r  
re s p o n s e  eq u iv a len t to  0 .48  ng c h lo rp ro p h a m /g  c r is p .  
F o r fu ll GC cond itions see  te x t  (S ec tio n  3 .4 .3 ) .





Figure 3 .VII. C hrom atogram  of c r isp  e x t ra c t  on a GC f i t te d  w ith  an  
OV101 colum n a f te r  alum ina colum n c le a n -u p .
In jec tio n  volum e 7 pil. A tte n u a tio n  x  160. D e te c to r  
re s p o n s e  e q u iv a le n t to  0 .57  \ig c h lo rp ro p h a m /g  c r is p  
F o r fu ll GC co n d itio n s  see Section  3 .3 .3 .





Figure 3 .VIII, HPLC chrom atogram  of th e  c ru d e  a c e to n itr ile  e x t r a c t  of 
c r is p  p r io r  to  c lean -u p  on an  alum ina colum n.
F o r fu ll ch rom atog raph ic  co nd ition  of th is  r e v e r s e  p h a se  
O D S -H y p ers il system  see S ection  3 .8 . In jec tio n  volum e 
10 |i£ . D e tec to r re sp o n se  e q u iv a le n t to  0 .55 M^g/g c r is p .





HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
4 , 1 O p era tio n  of th e  HPLC
Much of th e  a n a ly tic a l w ork d e s c r ib e d  in th is  th e s i s  in v o lv e d  
th e  u se  of h ig h  p e rfo rm a n c e  liq u id  ch ro m a to g rap h y  (H P L C ). T he  
ch ro m a to g ra p h  was m a n u fa c tu re d  b y  W aters A sso c ia te s . While th e  
p r o d u c ts  of th is  m a n u fa c tu re r  a re  e s se n tia lly  s ta n d a r d ,  th e  w ay th e  b a s ic  
c h ro m a to g ra p h  was o p e ra te d  is , p e rh a p s ,  w o rth y  of some e x p la n a tio n .
T he c h ro m a to g ra p h  c o n s is te d  of two M6000A d u a l p is to n  
r e c ip ro c a tin g  pum ps w ith  th e  flow r a te s  b e in g  c o n tro lle d  b y  a 660 so lv e n t 
p ro g ra m m e r. T he sam ples w ere  in tro d u c e d  to  th e  colum n v ia  a U6K 
e x te rn a l  loop in jec tio n  v a lv e  th a t  was f i t te d  w ith  a 2 ml c a p a c ity  loop of 
c a p illa ry  tu b in g . T h e  colum n e lu en t was m on ito red  b y  a Model 450 
v a r ia b le  w av e len g th  UV sp e c tro p h o to m e te r . All of th e  ab o v e  item s w ere  
m a n u fa c tu re d  b y  W aters A sso c ia te s . T he o u tp u t of th e  sp e c tro p h o to m e te r  
w as r e c o rd e d  w ith  a H oneyw ell E lec tro n ic  19 p o te n tio m e tric  c h a r t  r e c o r d e r .  
A hom e-m ade e v e n t m a rk e r  was also f i t te d ,  w hich p ro d u c e d  a s ig n a l of 
a b o u t 0 .5  mV w h en ev e r th e  in jec tion  v a lv e  le v e r  was sw itc h e d  to  b r in g  
th e  in jec tio n  loop o n s tre a m  to  th e  column» 25 cm x  0 .5  cm i.  d . s ta in le s s  
s te e l colum ns (S h a n d o n  S o u th e rn  P ro d u c ts  L td .)  w ere  u se d  th ro u g h o u t  
th is  w ork  a lth o u g h  th e  s h o r te r  10 cm an d  16 cm colum ns w ere  e v a lu a te d  
b u t  th e  low er e ff ic ien c ie s  of th e se  colum ns com pared  to  th o se  o b ta in e d  
w ith  th e  25 cm colum ns r e s u l te d  in th e  exclu siv e  u se  of th e  lo n g e r  co lum n.
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No th e rm o s ta tt in g  of th e  colum ns was u n d e r ta k e n , A 7 cm le n g th  of 
f in e  b o re  (0 .1 5  mm i . d . )  s ta in le s s  s tee l tu b in g  was u se d  to  c o n n e c t th e  
in jec tio n  v a lv e  to  th e  column h e a d . Zero dead  volum e c o u p lin g s  w ere  
u s e d  fo r all c a p illa ry  tu b in g  co n n ec tio n s  dow nstream  of th e  in jec tio n  v a lv e . 
T h e  column o u tle t  was co n n ec ted  d ire c tly  to  th e  sp e c tro p h o to m e te r , u s in g  
a PTFE fe r ru le  w ith o u t th e  n eed  fo r an  ad d itio n a l le n g th  of c a p illa ry  
tu b in g .
T h e  mobile p h a se  so lv en ts  u se d  w ere su p p lie d  b y  R a th b u rn  
C hem icals (u n le s s  s ta te d  o th e rw ise ) an d  w ere of HPLC g ra d e .  An 
e x ce p tio n  to  th is  w as w a te r . D istilled  w ater th a t  h a d  b e e n  f i l te r e d  
th ro u g h  a 0 .5  um F lu o r op o re  PFFE f il te r  (M illipore) w as u se d  s in ce  th is  
p ro d u c e d  a s im ilar UV sp ec tru m  to HPLC g ra d e  w a te r  (F iso n s  S c ien tific  
A p p a r a tu s ) . F u r th e rm o re , when w a te r was p um ped  th r o u g h  an  ODS- 
H y p e rs il (S h a n d o n ) column a t 1 ml/min fo r 20 m in, p r io r  to  th e  s t a r t  of 
a g ra d ie n t  e lu tio n  r u n  of 0-100% m ethanol in w a te r , l i t t le  d if fe re n c e  w as 
n o te d  b e tw een  a chrom atogram  p ro d u c e d  u sin g  d is ti lle d  w a te r  an d  one 
p ro d u c e d  u s in g  HPLC g ra d e  w a te r , in d ic a tin g  th a t  b o th  h a d  a low am ount 
of UV a b so rb in g  co n tam in a n ts .
T h e  M6000A pum ps h ad  th r e e  so lv en t lin e s  s u p p ly in g  th e  pu m p s 
a n d  th is  allow ed th e  ch a n g e o v e r of so lv e n ts  w ith o u t th e  n e e d  to re p la c e  
so lv e n ts  c o n ta in e d  in  th e  r e s e rv o ir s .  One so lv en t lin e  to  each  pum p 
su p p lie d  p ro p a n -2 -o l .  T h is  was u se d  as an in te rm e d ia te  so lv e n t w hen 
th e  c h ro m a to g ra p h  w as ch a n g e d  from  o p e ra tin g  in r e v e r s e  p h a se  to  no rm al 
p h a s e  m ode, ow ing to  i ts  m iscib ility  w ith  th e  common HPLC s o lv e n ts .  
S in te re d  m etal f i l te r s  w ere f i t te d  to  th e  so lv e n t s u p p ly  lin e s  to  p r e v e n t  
p a r t ic u la te  m a te ria l re a c h in g  th e  p u m p s.
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D eg ass in g  of th e  so lv e n t o r a t le a s t  p a r tia l  rem oval of th e  
d is so lv e d  o x y g en  an d  n it ro g e n  is n e c e s s a ry  to  p re v e n t  b u b b le  fo rm ation  
in th e  d e te c to r  ce ll. O x y g en  d e g a ss in g  h a s  b een  q u o te d  a s  b e in g  th e  
main re a s o n  fo r b u b b le  fo rm ation  in  th e  d e te c to r  flow cell (K irk la n d , 1971) 
b u t  i t  is  d iff ic u lt to  e n v isa g e  one s e t of g as  law s o p e ra tin g  fo r  o x y g e n  
a n d  a n o th e r  fo r n i t ro g e n . T he  q u a n tity  of g as  d isso lv ed  in  a liq u id  is  
p ro p o r tio n a l to  th e  p a r t ia l  p r e s s u r e  of th a t  gas above th e  liq u id  (H e n ry 's  
la w ) . T he so lu b ility  of a g as  v a r ie s  from  so lv e n t to  so lv e n t .  F o r a 
m ix tu re  of w ater an d  m ethano l, th e  c o n c e n tra tio n  of o x y g en  w hich  can b e  
h e ld  in  so lu tio n  ( s a tu ra t io n  c o n c e n tra tio n )  is n o t lin e a r ly  r e la te d  to  th e  
mole f ra c t io n  of a com ponent of th e  m ix tu re , i . e ,  th e re  is  n e g a t iv e  
d e v ia tio n  from  a s t r a ig h t  line  re la tio n s h ip . T h u s  w hen o x y g e n  s a tu r a te d  
w a te r  a n d  m ethanol a re  m ixed , b u b b le s  form  an d  o x y g en  is  lo s t  from  th e  
a d m ix tu re  u n til th e  s a tu ra t io n  lev e l is a t ta in e d  (B a k a ly a r  e t ^ . , 1978). 
When two so lv e n ts  a re  m ixed b y  th e  HPLC pum ps u n d e r  h ig h  p r e s s u r e ,  
th e  g a se s  rem ain  d is so lv e d . I t  is only  w hen th e  mobile p h a s e  p r e s s u r e  
r e t u r n s  to a v a lue  close to  a tm o sp h eric  p r e s s u r e  does th e  c o n c e n tra tio n  
o f d is so lv e d  g ase s  ex ce ed  th e  s a tu ra t io n  lev e l a n d  th e re fo re  b u b b le s  fo rm . 
T h e s e  low er p r e s s u r e s  a re  e n c o u n te re d  to w ard s  th e  v e ry  bo ttom  of th e  
co lum n, th e  cap illa ry  tu b in g  lead in g  from th e  colum n, a n d  th e  flow cell of 
th e  sp e c tro p h o to m e te r  i ts e lf .  T he  p re s e n c e  of b u b b le s  in  th e  flow cell 
h a s  a m ark ed  e ffe c t on th e  a p p a re n t  a b so rp tio n  of l ig h t  in th e  cell b y  
s c a t te r in g  th e  l ig h t  a n d  p re v e n t in g  it  b e in g  d e te c te d  b y  th e  p h o to ­
m u ltip lie r  ,
A n a p p ro a c h  w hich  h a s  b een  a d o p te d  to  p r e v e n t  th e  fo rm ation  
of th e s e  b u b b le s  is  to  r e s t r i c t  th e  f re e  flow of e lu en t o u t of th e  s p e c tro ­
p h o to m e te r  ce ll. T h is  m a in ta in s  th e  mobile p h a se  u n d e r  p r e s s u r e  a n d
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th e  s a tu ra t io n  c o n c e n tra tio n  value of th e  gas rem a in s  a b o v e  th e  ac tu a l 
c o n c e n tra tio n . While th e  flow cell of th e  W aters 450 s p e c tro p h o to m e te r  
can  w ith s ta n d  p r e s s u r e s  up to 500 p s i ,  th is  a p p ro a c h  w as seldom  u s e d  d u e  
to  th e  d iff ic u lty  in  e n s u r in g  th e  p r e s s u r e  d id  n o t e x c e e d  th is  v a lu e .
S o lv en t d e g a s s in g  b e fo re  u se  is a more common a p p ro a c h . A ir 
lo c k in g  in  a one pum p low p r e s s u r e  m ixing g ra d ie n t e lu tio n  sy stem  can  b e  
com m onplace w hen th e  so lv e n ts  a re  n o t th o ro u g h ly  d e g a s s e d ,  s in ce  any  
h e a t  ev o lv ed  on m ixing w ould r e s u l t  in  a low ering  of th e  s a tu ra t io n  
c o n c e n tra tio n  lev e l of th e  ad m ix tu re . In  th e  W aters c h ro m a to g ra p h  
d e s c r ib e d  ab o v e , g ra d ie n t  elu tion  ch ro m a to g rap h y  w as seldom  p e rfo rm e d , 
b u t  th e  two pu m p s w ere  u se d  to  mix th e  so lv e n ts  r a th e r  th a n  u s in g  one 
pum p a n d  a p re m ix e d  mobile p h a se , th e  com position of w hich  cou ld  n o t b e  
ea s ily  a l te r e d .  T h e  d e g a ss in g  of th e  so lv e n ts  p r io r  to  u se  in  th is  two 
pum p sy stem  w hen u se d  to  p ro v id e  a two com ponent is o c ra t ic  mobile p h a s e , 
h a d  th e  a d v a n ta g e  of e lim inating  th e  p rob lem  of a ir - lo c k in g  of th e  pu m p s 
d u e  to  d e g a ss in g  w hen th e  so lv en t b e in g  d raw n  in to  th e  p is to n  cham ber 
w as su b je c te d  to  a re d u c e d  p r e s s u r e .
Of th e  o p tio n s  availab le  fo r d e g a ss in g  of th e  m obile p h a s e , 
r e f lu x in g ,  vacuum  f i l tr a t io n , and  th e  u se  of u l t r a s o n ic s ,  w ere  r e je c te d  a s  
th e y  cou ld  n o t b e  c a r r ie d  o u t w ith  th e  so lv en t r e s e r v o i r s  in  p la c e . T h e  
r is k  of con tam ina tion  of th e  h ig h  g ra d e  so lv e n ts  w as also  c o n s id e re d  as  
w as th e  time in v o lv e d  in  c a r ry in g  o u t th e se  d e g a s s in g  p r o c e d u r e s .
F o r th e  e ffe c tiv e  co n tro l of b u b b le  fo rm ation  in  a b in a ry  mobile 
p h a s e  th a t  is  m ixed  im m ediately b e fo re  e n te r in g  th e  co lum n, th e  co n ce n ­
tr a t io n  of th e  g a s  on ly  h a s  to  be low ered  som ew hat a n d  n e e d  n o t b e  
com plete ly  rem o v e d . H ow ever, in th e  c a se s  w h ere  h ig h  c o n c e n tra tio n s
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of d isso lv ed  o x y g en  a re  p r e s e n t ,  h ig h  a b so rb a n c e s  can  b e  d e te c te d  a t 
w a v e le n g th s  le s s  th a n  260 nm (B a k a ly a r  e t a l . ,  1978). T h is  is  
p a r t ic u la r ly  n o tic e a b le  fo r m ethanol an d  a c e to n itr ile .
O x idation  of th e  so lu te  h as  also  b een  r e p o r te d  w h e re  o x y g en  
w as n o t rem oved  from  th e  mobile p h a se  ( S te rn  son a n d  De W itte, 1977; 
S n y d e r ,  1971). O x idation  of liq u id  s ta t io n a ry  p h a se  in  l iq u id - l iq u id  
colum n c h ro m a to g ra p h y  h as  also  b een  a prob lem  w h ere  o x y g e n  w as n o t 
e x c lu d e d  from  th e  colum n (L e itc h , 1971).
T he m ethod ch o sen  to d eg as  w a te r , m ethanol a n d  iso p ro p a n o l 
w as helium  p u rg in g  as  th is  could  q u ick ly  rem ove n e a r ly  all th e  d is so lv e d  
o x y g e n  (Williams an d  M iller, 1962). I t  also re d u c e d  th e  r i s k  of im p u ritie s  
co n tam in a tin g  th e  so lv e n t since  it  was c a r r ie d  o u t in  th e  so lv e n t r e s e r v o ir  
of th e  c h ro m a to g ra p h . T he u se  of th is  m ethod m ere ly  in v o lv e d  p u rg in g  
say  300 ml of so lv e n t fo r ab o u t 5 m inu tes w ith  helium  (B r i t i s h  O x y g en  
C om pany) a t a flow r a te  of a p p ro x . 150 m l/m inu te a n d  th e r e a f te r  
m a in ta in in g  a tr ic k le  of helium  th ro u g h  th e  so lv e n t to  p r e v e n t  a ir  r e ­
d is so lv in g . T h e  p u rg in g  gas  was in tro d u c e d  in to  th e  so lv e n t th ro u g h  a 
s in te r e d  m etal f i l te r  to  re d u c e  th e  s ize  of th e  helium  b u b b le s ,  th e re b y  
r e d u c in g  th e  tim e ta k e n  fo r e ffec tiv e  d e g a ss in g  a n d  also  m inim ised 
consum ption  of th is  e x p e n s iv e  g a s .
A lth o u g h  helium  p u rg in g  r e s u l t s  in  a so lv e n t s a tu r a te d  w ith  
helium , b u b b le  fo rm ation  in  th e  d e te c to r  cell n e v e r  a p p e a re d  to  b e  a 
p ro b lem . While th e  so lu b ility  of helium  in aq u eo u s  alcohol m ix tu re s  is  
n o n - lin e a r  w ith  r e s p e c t  to  alcohol c o n c e n tra tio n , i . e .  d isp la y in g  th e  sam e 
n e g a tiv e  d ev ia tio n  from  a lin e a r  re la tio n s h ip  as o x y g en  in  a n  a lco h o l/ 
w a te r  a d m ix tu re , i t  h a s  b een  p ro p o se d  th a t  th e  low er so lu b ility  of helium
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w ould r e s u l t  in on ly  v e ry  small b u b b le s  b e in g  fo rm ed  if th e  s a tu ra t io n  
c o n c e n tra tio n  of th e  so lv en t m ix tu re  is ex ce ed ed  a n d  th is  h a s  li t t le  e f fe c t 
on th e  o u tp u t  from  th e  p h o to m ete r (C a rg ill, 1978) .
T he  so lv e n ts  u se d  fo r norm al p h a se  c h ro m a to g ra p h y  a re  seldom  
d e g a s s e d .  I t  was o ften  th o u g h t b y  c h ro m a to g ra p h e rs  th a t  a ir  was m ore 
so lu b le  in  p o la r  so lv e n ts  th a n  o rg an ic  so lv e n ts  (K irk la n d , 1971;
C h am b erla in  a n d  M arlow, 1977). In  ac tu a l fa c t th e  so lu b ility  of o x y g en  
in h e x a n e  is ab o u t one h u n d re d  tim es th a t  in w a te r  (B a k a ly a r  e t a ^ . ,
1978) 0 D esp ite  th is ,  w hen h ex an e  is u se d  in no rm al p h a se  c h ro m a to g ra p h y  
few p ro b lem s w ith  th e  so lv en t d e liv e ry  pum ps a ir - lo c k in g  o r b u b b le  
fo rm ation  in  th e  p h o to m ete r flow cell a re  e n c o u n te re d . I t  may b e  th a t  th e  
HPLC g ra d e  h ex an e  h as  n o t b een  allow ed to  e q u i l ib ra te  w ith  th e  atm os­
p h e r ic  g a se s  a n d  it  may b e  rem oved  from th e  s o lv e n t r e s e r v o i r  b e fo re  
e q u ilib ra t io n  h a s  b een  a c h ie v e d . H ow ever w hen d ic h lo ro m eth an e  was 
p r e s e n t  in  th e  mobile p h a s e , so lv en t d e g a ss in g  in  th e  flow cell was 
o b s e rv e d .  U n fo r tu n a te ly  helium  p u rg in g  cou ld  n o t b e  u s e d  in th is  case  
a n d  d e g a s s in g , o r  a t le a s t  a re d u c tio n  in th e  c o n c e n tra tio n  of th e  
d is so lv e d  g a s e s ,  was ach iev ed  b y  th e  u se  of an  u ltra s o n ic  b a th .  Model 
L674 (M .EoL . E qu ipm en t Co. L t d . ) .  T re a tm e n t of d ich lo ro m eth an e  in 
th is  w ay p r e v e n te d  b u b b le  form ation  in th e  flow cell fo r  s e v e ra l h o u r s ,  
a f te r  w hich  a r e p e a t  u ltra so n ic  tre a tm e n t was c a r r ie d  o u t o r  a small 
r e s t r ic t io n  w as p la ced  a t th e  o u tle t of th e  d e te c to r ,  o r a f re s h ly  u l t r a ­
so n ic a te d  b a tc h  of so lv en t was g e n tly  ad d e d  to  th e  r e s e r v o i r .
A c e to n itr ile  w as also d e g a s se d  u s in g  u lt ra s o n ic s  a n d ,  d e s p ite  r e p o r te d  
fa i lu re  of th is  te c h n iq u e  to  d eg as  so lv en ts  (Williams an d  M iller, 1962), 
it  p ro v e d  s a t is f a c to ry .
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O nly two p a c k in g  m a te ria ls  w ere u se d  th ro u g h o u t th is  w o rk . T h e y  w ere  
H y p e rs il  an d  O D S -H ypersil ( Shan d o n ) . T he norm al p h a s e  a d s o rb a n t  
m a te ria l, H y p e rs il , c o n s is ts  of sp h e ric a l p o ro u s  p a r t ic le s  of s ilica  gel.
T h e  r e v e r s e  p h a se  m a te ria l, O D S -H y p e rs il, u se s  H y p e rs il a s  a s ta r t in g  
m a te ria l a n d  h a s  o c tad ecy ls ily l (ODS) g ro u p s  b o n d ed  to  th e  p a r t ic le  
s u r f a c e .  T h is  is ach iev ed  b y  re a c tin g  o c ta d e c y ltr ic h lo ro sü a n e  w ith  
a n h y d ro u s  silica  a n d  r e s u l t s  in S i-O -S i (sü o x a n e ) b o n d s . When w a te r  is  
a d d e d  th e  ch lo rin e  is lo s t  a n d  silanol g ro u p s  r e s u l t .  T h e se  a re  th e n  
"cap p ed "  w ith  a small n o n -p o la r  g ro u p  e .g .  tr im e th y ls ü y l a n d  th e  
r e s u l t a n t  m ateria l is h y d ro ly tic a lly  s ta b le  an d  can b e  o p e ra te d  w ith  mobile 
p h a s e s  of b e tw een  pH3 an d  pH8 ( S han don T ech n ica l B u lle t in ) .  T he  
s u r fa c e  o f th is  m ateria l b e h a v e s  like  a liq u id  an d  th e  e lu tio n  o r d e r  of m any 
s o lu te s  can  b e  p re d ic te d  b y  u se  of a liq u id - liq u id  p a r t i t io n  d a ta  a n d  in d e e d  
r e v e r s e  p h a se  HPLC is now u se d  to p re d ic t  o c ta n o l/w a te r  p a r t i t io n  
c o e ff ic ie n ts  of c a n d id a te  p e s tic id e s  to  d e term in e  if b io accu m u la tio n  is 
lik e ly  (A n o n , 1975b) ,
T he  p a r tic le  size  of th e  column p a c k in g s  u s e d  w as 3 um fo r  th e  
H y p e rs il  an d  5 jam fo r th e  O D S -H y p ers il. 3 \im O D S -H y p ers il was 
a v a ilab le  an d  while th e  e f fe c t of p a r tic le  size on colum n e ff ic ie n c y  an d  
re s o lu tio n  is  a p p re c ia te d , th e  h ig h  column b a c k p r e s s u r e s  of th e  v isc o u s  
s o lv e n ts  u se d  in  r e v e r s e  p h a se  ch ro m a to g rap h y  r e s u l te d  in  th e  dec ision  
to  u se  th e  5 um p ack in g  m a te ria l. A t th is  p o in t it may b e  w orth w h ile  to  
ex p la in  some of th e  te rm s  u se d  in c h ro m a to g ra p h y . T h is  is  n o t in te n d e d  
to  b e  an  e x p ed itio n  in to  th e  th e o ry  of c h ro m a to g ra p h y , b u t  m ere ly  an  
e x p la n a tio n  of te rm s  w hich  w ere fo u n d  to  be  u se fu l in  p ra c t ic a l  
a p p lic a tio n s  of HPLC. F o r f u r th e r  re a d in g  on th is  s u b je c t  th e  r e a d e r  is
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r e f e r r e d  to  K nox ( 1978), P ry  de a n d  G ilb e rt (1979) fo r  g e n e ra l to p ic s  on 
liq u id  ch ro m a to g ra p h y  a n d  to  Done e t 3^. (1972a & 1972b), M ajors (1973) 
a n d  G ru sk a  e t  (1975) fo r a sp e c ts  of column e ffic ien cy  a n d  b a n d  
s p re a d in g .
T he main a d v a n ta g e s  of h ig h  p e rfo rm a n ce  liq u id  c h ro m a to g ra p h y  
o v e r  co n v en tio n a l colum n c h ro m a to g rap h y  (w h e re  on ly  g ra v i ty  d r iv e s  th e  
so lv e n t th ro u g h  th e  colum n) th a t can  b e  easily  o b s e rv e d  a re  in c re a s e d  
re s o lu tio n , in c re a s e d  colum n e ffic iency  an d  d e c re a se d  a n a ly s is  tim e.
T h e  re so lu tio n  (R ^) of two ch ro m a to g rap h ic  p e a k s  is  th e  d e g re e  w hich  
th e  so lu te s  a re  s e p a ra te d  b y  th e  column an d  is  d e f in e d  b y  th e  p eak  
s e p a ra t io n  d iv id e d  b y  th e  mean p eak  w id th , i . e .
Rs MW^+Wg)
a n d  r e p r e s e n t  th e  w id th  a t th e  b ase  of p e a k s  1 a n d  2 
t^  a n d  t^  r e p r e s e n t  th e  re te n tio n  time of so lu te s  1 a n d  2
T he te rm s  u se d  can  be  in e i th e r  volum e o r  tim e u n i t s ,  
r e s u l t in g  in  R^ b e in g  u n i tie  s s .  F o r two a d ja c e n t iso sc e le s  tr ia n g le s  
b a se lin e  re so lu tio n  c o r re s p o n d s  to  R^ = 1. F o r tw o G au ss ian  p e a k s  
e ffe c tiv e  b ase lin e  re so lu tio n  is o b ta in ed  a t R^ = 1 .5 . T h e  colum n 
e ff ic ien cy  is  m e asu re d  in  te rm s of th e  n u m b er of th e o re tic a l p la te s  N, 
a n d  is c a lc u la te d  from
N =
w h ere  r t  is  th e  r e te n t io n  time an d  W th e  w id th  of th e  p e a k  a t th e  b a s e ­
lin e ,  aga in  th e  u n i t s  of r t  and  W m ust be  th e  sam e. T h e  w id th  of p e a k  
a t  th e  b ase lin e  is  d e te rm in e d  b y  e x te n d in g  th e  ta n g e n ts  to  th e  p o in ts  of
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in f lec tio n  of th e  p e a k  to  th e  b a se lin e . T he e ffic ien cy  of th e  colum n N, 
is  a m easu re  of th e  am ount of sp re a d in g  an d  d ilu tio n  of th e  so lu te  b a n d  
a s  i t  t r a v e ls  down th e  colum n. I t ,  of c o u rs e ,  in c lu d e s  all b a n d  s p r e a d in g /  
d ilu tio n  th a t  o c c u rs  b e tw een  th e  in jec tio n  p o in t an d  th e  d e te c to r .  T h e  
h ig h e r  th e  v a lu e  of N , th e  m ore e ff ic ie n t th e  co lum n, O ften  th e  colum n 
e ff ic ien cy  is  q u o te d  in te rm s  of h e ig h t e q u iv a le n t to  a th e o re tic a l  p la te  
(H E T P) o r Ho T h is  is sim ply th e  le n g th  d iv id ed  b y  th e  e ff ic ie n c y  of th e  
co lum n, i . e .
H = R
While th e se  p a ra m e te rs  can  b e  u s e d  to g ive a n u m erica l v a lu e  to  th e  
re so lu tio n  a n d  e ffic ien cy  of a colum n, a c h ro m a to g ra p h e r  can  e a s ily  te ll 
m ere ly  b y  looking  a t th e  ch rom atogram  w hen p e a k s  a re  re s o lv e d  a n d  w hen  
a colum n is o p e ra t in g  e ff ic ie n tly . S h a rp  p e a k s  a t long  r e te n t io n  tim es 
a re  th e  r e s u l t  of m inim ised d isp e rs io n  of th e  so lu te  a n d  m inim ised d ilu tio n  
b y  th e  so lv e n t. T h e  o b sessio n  of m any m a n u fa c tu re rs  w ith  colum n 
e ff ic ien cy  is p ro b a b ly  a co n seq u en c e  of ra p id ly  d ev e lo p in g  colum n 
te c h n o lo g y . T h is  h a s  le d  to  a w ide ra n g e  in  th e  e ff ic ie n c ie s  of co lum ns 
o f fe re d  fo r sale a t  an y  one tim e ,
Van D eem ter is  c re d i te d  w ith  s tu d ie s  in to  f a c to r s  in f lu e n c in g  
th e  HETP of gas ch ro m ato g rap h ic  (GC) co lum ns. He e x p la in e d  th e  n e e d  
fo r  an  optim um  lin e a r  gas v e lo c ity  in  o rd e r  to  m axim ise colum n e ff ic ie n c y  
( i . e .  a minimum v a lu e  of H E T P ).
T h re e  b a n d  d is p e rs in g  e f fe c ts  w hich  a re  r e la te d  to  g a s  flow
r a te s  a re :
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1. lo n g itu d in a l d iffu s io n  of th e  sam ple in th e  mobile p h a se
2, d is p e rs io n  due to  th e  " to r tu o u s"  n a tu re  of th e  flow th ro u g h  
th e  colum n
3o d is p e rs io n  d u e  to  slow e q u ilib ra tio n  b e tw een  mobile a n d  
s ta t io n a ry  p h a s e .
When each  of th e s e  th r e e  fa c to rs  a re  c o n s id e re d  in d e p e n d e n tly  i t  can  b e  
seen  th a t  d isp e rs io n  d u e  to  d iffu s io n  ( 1) is  d e p e n d e n t on th e  re s id e n c e  
tim e of th e  sam ple in th e  colum n a n d  th e re fo re  is  in v e rs e ly  r e la te d  to  th e  
flow r a te  of th e  mobile p h a s e .  D isp e rs io n  due to th e  " to r tu o s ity "  of 
flow (2) is  a r e s u l t  of v a ry in g  p a th le n g th s  of d if fe re n t  mobile p h a s e  
s tre a m s  a n d  e d d y  c u r r e n t s  w ith in  th e  column and  show s on ly  a w eak 
p o s itiv e  d e p e n d e n c e  on flow r a t e .  In  th e  case of slow e q u ilib ra t io n  (3) 
d is p e rs io n  in c re a s e s  an d  th e re fo re  th e  HETP v a lu es  in c re a s e  w hen flow 
r a te  is  in c re a s e d . T he cum ula tive  e ffec t of th e se  th r e e  f a c to r s  g iv e s  a
lin e a r  g as  v e lo c ity  -  v  -  HETP p lo t w hich is h y p e rb o lic , i . e .  i t  fa lls
ra p id ly  th e n  le v e ls  off to  a minimum an d  th e n  in c re a s e s  ag a in  a s  th e  
l in e a r  gas v e lo c ity  is  in c re a s e d . K nox ( 1978) e x p la in s  b a n d  d is p e rs io n  
in  liq u id  c h ro m a to g ra p h y  b y  th e  same th r e e  b a n d  d is p e r s in g  p ro c e s s e s  
b u t  s t r e s s e s  th e  p o in t th a t  eq u ilib riu m  betw een  th e  m obile a n d  s ta t io n a ry  
p h a s e s  is m uch slow er th a n  in  g as  c h ro m a to g ra p h y , d u e  to  th e  d iffu s io n  
r a te  of th e  so lu te  in  th e  liq u id  mobile p h a se  b e in g  slow . H ow ever if th e
p a r t ic le  s ize  is small th e n  on ly  a th in  film of mobile p h a se  c o v e rs  th e
s ta t io n a ry  p h a s e ,  th e re fo re  d iffu s io n  d is ta n c e s  a re  s h o r t  a n d  e q u i l ib r a t­
ion f a s t .
T he main d raw b ack  w ith  th is  is th e  h ig h  p r e s s u r e s  th a t  a re  
r e q u ir e d  to  o b ta in  flow r a te s  w hich  allow th e  column to  o p e ra te  a t i ts
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optim um  e ff ic ie n c y . In  th e  an alogous s itu a tio n  w ith GC optim um  flow 
r a te s  a re  o b ta in e d  a t m uch low er p r e s s u r e  due  to  th e  low v is c o s ity  of th e  
c a r r i e r  g a s , b u t  GC s u f f e r s  from  th e  d is a d v a n ta g e  of th e  m obile p h a se  
b e in g  co m p ress ib le  th e re fo re  th e  lin e a r  flow can  only b e  optim um  a t  one 
p o in t a long  th e  le n g th  of th e  colum n. With HPLC h ig h  p r e s s u r e s  a re  
r e q u i r e d  to  ch ro m a to g rap h  so lu te s  on small p a r tic le  colum ns if  h ig h  colum n 
p e rfo rm a n c e  is  to  be  o b ta in e d . F o r th is  r e a s o n , HPLC is r e f e r r e d  to  as  
b o th  h ig h  p r e s s u r e  liq u id  ch ro m a to g ra p h y  an d  h ig h  p e rfo rm a n c e  liq u id  
c h ro m a to g ra p h y .
M a n u fa c tu re rs  p r e -p a c k e d  colum ns w ere  n o t p u r c h a s e d  fo r  th e  
w ork  d e s c r ib e d  in th is  th e s i s .  T he colum ns w ere p a c k e d  u s in g  a S h an d o n  
colum n p a c k in g  in s tru m e n t.  T h is  in s tru m e n t was h o u se d  in th e  B o tan y  
D e p a rtm e n t of th e  U n iv e rs ity  an d  while th e  p ack in g  p ro c e d u re  w as 
e s s e n tia lly  th a t  of th e  in s tru m e n t m a n u fa c tu re r , th e  p ro c e d u re  u s e d  is 
g iven  below .
T he colum ns w ere  all p a c k e d  in  th e  u p w a rd  c o n f ig u ra tio n  an d  
in v o lv e d  th e  p ack in g  of d ilu te  s lu r r ie s  of p a c k in g  m ateria l in to  th e  colum n 
a t  h ig h  p r e s s u r e .  F or a 25 cm x  0 .5  cm i . d .  colum n, 3 .8 g  of p a c k in g  
m a te ria l w as ad d e d  w ith  s t i r r in g  to  33 ml of s lu r r y  so lv e n t (m e th an o l in 
th e  case  of H y p e rs il, p ro p a n -2 -o l in th e  case  of O D S -H y p e rs il) . T he 
s lu r r y  w as u ltra s o n ic a te d  in a low pow er u ltra so n ic  b a th  (S em at T e c h n ica l 
UK L td .)  fo r 1-2 min b e fo re  b e in g  p la c e d  in  th e  so lv en t r e s e r v o i r .
A f te r  th e  colum n h a d  b e e n  f i t te d  to  th e  top  of th e  r e s e r v o i r ,  th e  pum p 
w as sw itc h e d  on to  g ive an  in s ta n ta n e o u s  p a c k in g  p r e s s u r e  of 9 -10 ,000  
p s i ,  w h ich  pow ered  th e  s lu r r y  up  in to  th e  column a t sp e e d  to  g iv e  a 
co m p act, s ta b le  b e d .
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F or O D S -H y p ersil colum ns, th r e e  d if fe re n t s o lv e n ts  w ere  
p u m p ed  th ro u g h  th e  colum n, nam ely, a p a c k in g  so lv e n t, an  in te rm e d ia te  
so lv e n t an d  a co n d itio n in g  so lv e n t, a n d  c o n s is te d  of 100 ml of h e x a n e ,
80 ml of p ro p a n -2 -o l an d  50 ml of 50% m ethanol in  w a te r . A f te r  h a lf  of 
th e  p ro p a n -2 -o l h ad  b een  e lu te d  th e  colum n was in v e r te d  to th e  do w n w ard  
c o n f ig u ra tio n . I t  is  a fe a tu re  of th is  p ack in g  in s tru m e n t th a t  all of th e  
ab o v e  so lv e n ts  can  b e  e lu te d  w ithou t in te r ru p t io n .
With th e  H y p e rs il co lum ns, 100 ml of m ethanol w as u s e d  to  p a c k  
th e  co lum n, a f te r  w hich  th e  column was in v e r te d  a n d  e lu te d  w ith  a f u r th e r  
40 ml of m ethano l, follow ed b y  50 ml of e th y l a c e ta te  a s  co n d itio n in g  s o lv e n t .
Once all th e  so lv e n t h ad  b een  pum ped  th ro u g h  th e  colum ns 
th e  pum p was sw itch ed  o ff an d  th e  p r e s s u r e  allow ed to  d ro p  to  z e ro .
T h e  p r e s s u r e  c o n tro l v a lv e  was th e n  s e t  to  g ive an  o u tp u t  p r e s s u r e  of 
a b o u t 12,000 p s i .  T h e  pum p was th e n  sw itch ed  on a n d  allow ed to  c o n tin u e  
to  pum p a t th is  h ig h e r  p r e s s u r e  fo r 30 seco n d s b e fo re  b e in g  sw itc h e d  off 
a g a in , T h is  was r e p e a te d  tw ice m ore. A fte r  th e  p r e s s u r e  h a d  fa llen  to  
z e ro , th e  column w as rem oved  an d  th e  e x c e ss  p a c k in g  m a te ria l rem o v ed  
from  th e  top of th e  colum n an d  th e  s u rfa c e  made lev e l w ith  a s p a tu la .
A top  f i l te r  m esh , s p re a d in g  p la te  and  sealing  r in g  w ere  in s e r t e d  in to  th e  
to p  of th e  column a n d  a s to ra g e  f i t t in g  w as clam ped o n .
A p rob lem  w hich  was e n c o u n te re d  w hen th e  colum ns w ere  f i r s t  
f i t te d  to  th e  HPLC w as one of v e ry  h ig h  b ack  p r e s s u r e s  ev en  a t flow 
r a te s  of le ss  th a n  0 .5  m l/m in . I t  was fo u n d  th a t  th e  s p r e a d e r  p la te  w as 
th e  c a u se  of th e  r e s t r ic t io n .  T h is  p la te ,  as i ts  nam e s u g g e s ts ,  s p re a d s  
th e  incom ing mobile p h a se  as  it em erg es  from  th e  c a p illa ry  tu b in g  a t  h ig h  
s p e e d . With th e  s p r e a d e r  p la te  p r e s s e d  h a rd  a g a in s t th e  e n d  of th e
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colum n in le t tu b in g ,  h ig h  b a c k p re s s u re s  r e s u l te d .  T h ese  w ere  overcom e 
b y  s c ra tc h in g  th e  su rfa c e  of th e  m etal s p re a d e r  p la te ,  th u s  rem o v in g  th e  
r e s t r ic t io n  to  th e  flow of th e  e lu e n t.
T he e ffic ien cy  of th e  colum ns w ere  d e te rm in e d  b y  th e  u s e  of 
t e s t  m ix tu re s . F o r O D S -H y p ersü  colum ns th e  te s t  m ix tu re  c o n s is te d  of 
370 n g /m l b e n zam ide, 60 pig/ml ace to p h e n o n e , 70 g g /m l b e n z o p h e n o n e  a n d  
100 u g /m l of b ip h e n y l in  a 70% m ethanol in w a te r so lu tio n . A ch ro m a to ­
gram  of th e  s e p a ra tio n  of th e se  com pounds is  show n in  F ig u re  4 .1 .
T h e  ch ro m a to g rap h ic  co n d itio n s  w ere  as follow s:
column : 25 cm x  0 ,5  cm
p a c k in g : 5 um O D S -H y p ersü
e lu e n t : 70% m ethano l in  w a te r
flow r a te :  1 ,0  m l/m in
p r e s s u r e  d ro p : 2 ,500 p s i
d e te c to r  (UV sp e c tro p h o to m e te r) : O .IA U F S , 254 nm
in jec tio n  volum e: 2 ul
T h e  n u m b e r of th e o re tic a l p la te s  w hich th e  colum n is  e q u iv a le n t to  fo r  th e  
b ip h e n y l so lu te  is  ab o u t 13,700, i . e .  5 4 ,8 0 0 /m etre  a n d  a HETP of 4 .56  um* 
T he te s t in g  of O D S -H y p ersü  colum ns cou ld  b e  p e rfo rm e d  w ith  
ease  d u e  to  th e  fa c t th a t  th e  so lv e n ts  m aking u p  th e  m obüe p h a s e  u s e d  in  
th i s  t e s t  p ro c e d u re ,  recom m ended  b y  S h an d o n , w ere  ro u tin e ly  u s e d  fo r  
p ra c t ic a l  s e p a ra t io n s .  T h is  w as n o t th e  case  fo r  H y p e rs ü  co lum ns a n d , 
once a so lv e n t sy stem  h a d  b een  d ev e lo p ed  fo r q u a n tif ic a tio n  of c h lo rp ro p h a m  
th e n  s ta n d a rd s  of th is  w ere  u se d  to  a s s e s s  colum n e ff ic ie n c ie s .
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T he HPLC was fo u n d  to  b e  cap ab le  of d e te c tin g  low le v e ls  of 
c h lo rp ro p h a m . F ig u re  4,11 show s th e  ch ro m ato g ram s p ro d u c e d  b y  th e  
in je c tio n s  of 10 an d  100 n g  of ch lo rp ro p h am  in to  th e  c h ro m a to g ra p h . T h e  
colum n co n d itio n s  w ere  as  follows:
colum n: 25 cm x  0 ,5  cm
p a c k in g : 3 um H y p ers il
e lu e n t: 40% d ich lo ro m eth an e , 60% h ex an e
flow ra te  : 1,2 ml / min
p r e s s u r e :  1500 p s i
d e te c to r :  0 ,1  AUFS a n d  0,02 AUFS 237 nm .
T h e  o p tim isa tio n  of th e  d e te c to r  to allow th e  q u a n tif ic a tio n  of sm all am oun ts 
of c h lo rp ro p h a m , a n d  to  re d u c e  th e  e r r o r  in v o lv ed  in q u a n tify in g  h ig h e r  
c o n c e n tra t io n s ,  th e  b e s t  o p e ra tin g  co n d itio n s  h a d  to  b e  fo u n d . T h is  
in v o lv ed  m ere ly  d e te rm in in g  th e  UV sp e c tru m  of c h lo rp ro p h a m  in  h e x a n e  
a n d  a maxima was fo u n d  a t 237 nm . A t 254 nm , th e  w a v e le n g th  u s e d  in  
m any f ix e d  w av e le n g th  p h o to m e te rs , th e  a b so rb a n c e  w as some 93% le s s  
th a n  a t 237 nm . T h e  m olar ex tin c tio n  co e ff ic ien t of ch lo rp ro p h a m  a t
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237 nm  is 1.98 x  10 1/m ol/cm . U n less th e re  w as some n e e d  to  re d u c e  th e  
s e n s i t iv i ty ,  th e  d e te c to r  was o p e ra te d  a t 237 nm fo r  c h lo rp ro p h a m  d e te r ­
m in a tio n s . T he v a r ia b le  f i l te r  of th e  d e te c to r  w as fo u n d  to  a f fe c t 
s e n s i t iv i ty .  T he v a r ia b le  f i l te r  is d e s ig n e d  to re d u c e  n o ise  le v e ls  b y  
a v e ra g in g  th e  s ig n a l ( in  th e  case  of th e  450 sp e c tro p h o to m e te r)  o v e r  
a n y th in g  from  h a lf a seco n d  to  five  se c o n d s . A t th e  lo n g e r  tim e s e t t in g s  
th e  re s p o n s e  of th e  d e te c to r  to  s h a r p ,  ra p id ly  e lu tin g  p e a k s  w as r e d u c e d  
a n d  a l th o u g h  th e  b a se lin e  no ise  was in c re a s e d  a t  th e  h ig h e r  s e n s it iv i ty  
s e t t in g s  of th e  d e te c to r ,  th e  v a r ia b le  f i l te r  rem a in ed  a t  th e  h a lf  seco n d  
s e t t in g  th ro u g h o u t th is  w ork .
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4. 2 L in e a r  R esp o n se  of th e  D etec to r
T h e  lin e a r  re s p o n s e  of th e  d e te c to r  to  c h lo rp ro p h a m  w as 
v e r if ie d  o v e r  a ra n g e  of 40 n g  to  o v e r  7 ug  of so lu te  in a r a n g e  of 
in je c tio n  volum es b e tw een  5 an d  10 u l. T h is  was p e rfo rm e d  on a norm al 
p h a s e  H y p e rsü  column u n d e r  th e  ch ro m a to g rap h ic  c o n d itio n s  sp e c if ie d  
above  (S ec tio n  4 .1 ) ,  T he l in e a r ity  of th e  d e te c to r  r e s p o n s e  to  c h lo r ­
p ro p h am  in  te rm s  of p eak  h e ig h t is  show n in F ig u re  4 .I l l  (c o r re la tio n  
c o e ff ic ie n t > 0.999) a n d  in te rm s of p eak  a re a  u s in g  th e  m ethod  of 
tr ia n g u la t io n  in F ig u re  4 . IV (c o rre la tio n  co e ffic ien t > 0 .9 9 9 ) . T h e  u se  
of p e a k  h e ig h t alone to d e term in e  th e  q u a n t ity  of so lu te  e lu te d  from  th e  
colum n can  in v o lv e  low er e r r o r s  as  well as  b e in g  m ore c o n v e n ie n t ,  b u t  
p e a k  a re a  w as o ften  u se d  w hen th e  w id th  of th e  p e a k s  p ro d u c e d  b y  
s ta n d a r d s  a n d  sam ples w ere  d iss im ila r.
4. 3 F ra c tio n  C ollection  from  th e  HPLC
O ften  f ra c t io n s  w ere co llec ted  from  th e  colum n fo r  f u r th e r  s tu d y  
a n d  in  o rd e r  to  e n s u re  th a t  all of th e  m ateria l cou ld  b e  r e c o v e re d  w ith o u t 
b e in g  co n tam in a ted  b y  o th e r  so lu te s  and  in  a minimum of m obüe p h a s e ,  
th e  e lu tio n  of a so lu te  w ith  r e g a rd  to th e  d e te c to r  s ig n a l w as d e te rm in e d .
An in jec tio n  of a c o n c e n tra te d  ch lo rp ro p h am  sam ple was made 
w ith  th e  d e te c to r  o p e ra te d  a t a low s e n s it iv i ty  s e t t in g ,  a n d  a t  a w ave­
le n g th  of 254 nm , (a s  m en tioned  above ch lo rp ro p h am  h a s  a low e x tin c tio n  
co e ff ic ie n t a t th is  w a v e le n g th ) . F ra c tio n s  w ere c o lle c te d , a s  d e ta ü e d  
on th e  ch ro m ato g ram . F ig u re  4 .V an d  th e  h is to g ra m . F ig u re  4 .V I, show s 
th e  p ro p o r tio n  of th e  to ta l q u a n tity  of so lu te  in je c te d  th a t  a p p e a r s  in  each  
sam p le . T h e  c h ro m a to g rap h ic  c o n d itio n s  u se d  in th is  r e v e r s e  p h a s e
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sy stem  a re  th o se  g iven  above for th e  O D S -H ypersil e q u ip p e d  ch rom ato ­
g ra p h  (S ec tio n  4 .1 ) .
In  th is  u n re p lic a te d  s tu d y  only  94.7% of th e  in je c te d  c h lo rp ro p ­
ham w as r e c o v e re d . H ow ever once th e  p o in ts  a t  w h ich  co llection  h a d  to  
s t a r t  a n d  f in ish  w ere  e s ta b lis h e d , w hich  a re  also  d e ta ile d  on th e  
ch rom atog ram  (F ig u re  4. V ) , one fra c tio n  co n ta in in g  all of th e  e lu te d  
so lu te  was co llec ted  an d  th e  re c o v e ry  from th e  colum ns was c a lc u la te d . 
U sing  five  r e p l ic a te s ,  th e  a v e ra g e  re c o v e ry  from  th e  O D S -H ypers il 
colum n was 97.4% ± S .D . 2 .5 , T he re c o v e ry  from  a 3 i-iM H y p e rs il 
colum n was 99.1% ± S .D . 1 ,5 . T he HPLC p ro v e d  e x tre m e ly  u se fu l fo r 
th e  s e p a ra tio n  of com ponen ts from  re a c tio n  m ix tu re s  p r io r  to  b e in g  
s u b je c te d  to  m ass sp e c tro m e try  an d  fo r  f ra c tio n a tio n  of ra d io a c tiv e  
b io lo g ica l e x t r a c ts  fo r  a c tiv ity  d e te rm in a tio n  b y  l iq u id  sc in tilla tio n  
c o u n tin g .
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F ig u re  4 .1 . C hrom atogram  of te s t  m ix tu re  fo r r e v e r s e  p h a se  H PLC.
F or ch ro m a to g rap h ic  co n d itio n s  see  te x t  (S ec tio n  4 .1 )
o
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F ig u re  4 . I I .  C hrom atog ram  of 10 ng  a n d  ICO n g  in je c tio n s  of ch lo rp ro p h am , 
HPLC e q u ip p e d  w ith norm al p h a se  H y p e rs il co lum n.











F igure 4,111. L in ea r re s p o n s e  of HPLC S p e c tro p h o to m e tric  d e te c to r  
to ch lo rp ro p h am  (in  te rm s  of p eak  h e ig h t ) .
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F ig u re  4 .IV . L in e a r  re s p o n s e  of HPLC s p e c tro p h o to m e tr ic  d e te c to r  
to  ch lo rp ro p h a m  (in  te rm s  of p e a k  a r e a ) .
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F ig u re  4 .V . R eco v e ry  of ch lo rp ropham  from  a r e v e r s e  p h a se
O D S -H y p ersil eq u ip p ed  H PLC. F o r c h ro m a to g ra p h ic  
co n d itio n s  see  te x t (S ec tio n  4 .1 ) .
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PREPARATION OF RADIOLABELLED CHLORPROPHAM
5.1  INTRODUCTION
A t th e  p r e s e n t  tim e, b e fo re  an  ag rochem ica l is  r e le a s e d  on to  
th e  m a rk e t, th e  P e s tic id e  S afe ty  P re c a u tio n s  Schem e (P S P S ) r e q u ir e s  
e x te n s iv e  d a ta  c o v e rin g  tox ico lo g y , m etabolism  an d  r e s id u e  c h e m is try  to  
b e  su b m itte d  p r io r  to  c lea ran ce  fo r w id e sp re a d  u se  b e in g  g r a n te d .
E v id en ce  of chem ica l's  e fficacy  n e e d  only  b e  su b m itte d  to  th e  M in is try  of 
A g r ic u l tu re ,  Food a n d  F ish e r ie s  (MAFF) if th e  m a n u fa c tu re r  s e e k s  
a p p ro v a l u n d e r  th e  A g ric u ltu ra l  C hem icals A p p ro v a l Schem e (A C A S ).
B o th  of th e s e  schem es a re  v o lu n ta ry  an d  of c o u rse  c o v e r  on ly  th e  U n ited  
K ingdom . T he in e v ita b le  co n seq u en ce  of an e x te n s iv e  r e s e a r c h  e f fo r t  
p r io r  to  a chem ical g a in in g  c lea ran ce  is  th a t  th e  d ev e lo p m en t of an  
ag rochem ica l fo r m inor u se s  is c o n s id e re d  uneconom ic. T h is  w ould be  
th e  case  w h e th e r  th e  re g u la tio n  of agrochem ical u se  w as v o lu n ta ry  o r 
s ta tu to r y .  M uch of th e  d a ta  r e q u ir e d  b y  s ta tu te  p r io r  to  a p p ro v a l in 
o th e r  c o u n tr ie s  can  b e  of u se  in th e  g a in ing  of PSPS c le a ra n c e  in th e  
U n ite d  K ingdom  an d  of co u rse  th e  c o n v e rse  is  t r u e .  I t  can also  b e  a rg u e d  
th a t  if th e  allow ed u s e s  of a chem ical a lre a d y  in c lu d e  a food c ro p , th e n  
th e  w iden ing  of th e  ra n g e  of u se s  r e q u ire s  on ly  a f ra c t io n  of th e  e x p e n se  
th a t  h a s  a lre a d y  b e e n  in c u r r e d .  T he economic b e n e f i t  to  th e  m a n u fa c tu ­
r e r  from  d ev e lo p in g  a new  u se  fo r one of i ts  ag ro ch em ica ls  may n o t b e  
g re a t  to  ju s t i fy  a d d itio n a l s tu d ie s .  H ow ever w h ere  th e  chem ical h a s  b e e n  
on th e  m a rk e t fo r some time and  is  no lo n g e r  p ro te c te d  b y  p a te n t  th e n
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e v e n  re la tiv e ly  sm all am oun ts of e x p e n d itu re  becom es m ore d if f ic u lt to  
ju s t i f y .
C h lo rp ro p h am  h a s  b een  u se d  as  an ag rochem ica l fo r some tim e 
now , in itia lly  as  a h e rb ic id e  w ith  i ts  s p ro u t  s u p p re s s a n t  p ro p e r t ie s  f i r s t  
r e p o r te d  b y  M arth  a n d  S ch u ltz  ( 1952). S ince th e n  th e r e  h a s  b e e n  a 
c o n s id e ra b le  am ount of w ork p u b lish e d  re la tin g  to  th e  a n a ly tic a l m ethods 
fo r  th e  d e te rm in a tio n  of ch lo rp ro p h am  r e s id u e s ,  th e  r e s id u e  v a lu e s  
th e m se lv e s , to x ico lo g y , m etabolism  (m icrob ia l, p la n t a n d  anim al) as well 
a s  i t s  e ffe c t a t c e llu la r  lev e l in m any sy s tem s , in c lu d in g  th o se  n o t lik e ly  
to  b e  a f fe c te d  b y  ag rochem ica l a p p lic a tio n s . F o r a d is c u s s io n  of th e se  
a s p e c ts ,  see C h a p te r  2.
While r e s id u e  s tu d ie s  of ch lo rp ro p h am  t r e a te d  p o ta to e s  hav e  
b e e n  c o n d u c te d , l i t t le  in fo rm ation  of th e  m etabolic fa te  of c h lo rp ro p h a m  in 
p o ta to  s to re s  h a s  b e e n  p u b lish e d . In  o rd e r  to  c o n d u c t m etabolic fa te  a n d  
in d e e d  en v iro n m en ta l fa te  s tu d ie s  w here  th e  fa te  of th e  ag rochem ica l is  
u n k n o w n , some form  of lab e llin g  of th e  com pound b e in g  s tu d ie d  is  r e q u ir e d ,  
R ad io labe lling  is  th e  m ost commonly u se d  m ethod . T h is  c h a p te r  
d e s c r ib e s  th e  s y n th e s is ,  p u r if ic a tio n , an d  a c tiv ity  d e te rm in a tio n  of th e  
ra d io la b e lle d  c h lo rp ro p h a m  u s e d  d u r in g  th e  w ork of th is  th e s i s .
5 .2  E x p erim en ta l
T he u se  of a rad io lab e l allows th e  d e g ra d a tiv e  p a th w a y  of an 
ag rochem ica l to  b e  follow ed b y  p ro v id in g  a u n iq u e  (u n iq u e ,  th a t  is ,  to  
th e  sy stem  u n d e r  s tu d y )  in d ica tio n  of w h ere  th e  la b e l is  s i tu a te d  an d  
th e  com pounds in  w hich  it  s u b se q u e n tly  a p p e a r s .  In  th e  case  of 
ch lo rp ro p h a m  w h ere  is  to  b e  th e  la b e l, th r e e  d is t in c t  la b e l p o s itio n s
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a re  p o s s ib le . T h ese  p o s itio n s  a re ,  th e  arom atic r in g ,  th e  c a rb o n y l 
c a rb o n , an d  th e  e s te r  m oiety .
F o r ob v io u s re a s o n s  th e  fa te  of th e  lab e lle d  com pound n e e d  on ly  
b e  follow ed to  th e  p o in t w here  i t  a p p e a rs  in some in o ccu o u s  o r  n a tu ra l ly  
o c c u r r in g  com pound . I t  follows th e n  th a t  th e  lab e l sh o u ld  b e  p r e s e n t  in 
th e  m ost r e c a lc i t r a n t  p a r t  of th e  m olecule. In  th e  case  of ch lo rp ro p h a m  
th is  p o s itio n  w ould b e  th e  arom atic  r in g  s in ce , if th e  lab e l w as p a r t  of th e  
a lk y l m oiety o r in th e  c a rb o n y l c a rb o n  p o sitio n  an d  e s te r  o r am ide 
h y d ro ly s is  o c c u r re d , la b e lle d  c a rb o n  d ioxide o r p ro p a n -2 -o l w ould  b e  
p ro d u c e d , d ep e n d in g  on th e  in itia l p o sition  of th e  lab e l ( H e r r e t t ,  1969).
I f  su c h  re a c tio n s  w ere  to  p ro c e e d  a t s ig n if ic a n t r a te s  th e n  la b e llin g  of th e  
a rom atic  r in g  w ould be  e s s e n tia l in  m etabolic s tu d ie s .  H ow ever, in  m any 
n o n -so il sy stem s th e  am ide an d  e s te r  b o n d s a p p e a r  s ta b le  (F le tc h e r  an d  
K irkw ood , 1982). L ab e lled  anilin ium  ch lo rid e  an d  p r o p a n - 2 -ol h a d  b e e n  
p u rc h a s e d  b y  th e  A g r ic u ltu ra l  C h em is try  sec tio n  to  allow th e  s y n th e s is  of 
b o th  e s te r  an d  r in g  la b e lle d  ch lo rp ro p h a m . A t th e  tim e th e  w ork  
d e s c r ib e d  in th is  th e s is  was b e in g  c a r r ie d  o u t,  e s te r  la b e lle d  c h lo rp ro p h a m  
h a d  b e e n  s y n th e s is e d  in  th e  D ep artm en t b y  Isa b e l B o y d .
T he e s te r  la b e lle d  ch lo rp ro p h am  was s y n th e s is e d  from  ^Re­
la b e lle d  p ro p a n -2 -o l a n d  3 -c h lo ro p h e n y liso c y a n a te . T h e  re a c tio n  was 
c a r r ie d  o u t in  a 3 ml "R eac ti-v ia l"  (P ie rce  Chem ical C o . ) .  T h e  500 pCi 
o f [ 1, 3 - ^ ^ C ]-p ro p a n -2 -o l w ith  a specific  a c tiv ity  of 9 .1  m Ci/mm ol 
(152 pC i/m g) (R ad iochem ical C e n tre ,  A m ersham ) w as in itia lly  c o n ta in e d  in 
an  a c e to n e /d ry  ice b a th  p r io r  to th e  p ro p a n -2 -o l b e in g  t r a n s f e r r e d  to  th e  
R e a c ti-v ia l w ith  th e  a id  of 0 .3  ml of h e x a n e . 0 .1  ml of u n la b e lle d  
p ro p a n -2 -o l (R a th b u rn  Chem ical C o .)  was th e n  a d d e d  to  th e  R e a c ti-v ia l
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fo llow ed b y  0 .2  ml of 3 -ch lo ro p h e n y liso c y a n a te . A PTFE co a ted  m agnetic  
s t i r r e r  was p la ced  in th e  R eac ti-v ia l w hich w as th e n  se a le d . A f te r  
a p p ly in g  a g en tle  h e a t to  th e  R eac ti-v ia l fo r two h o u rs  it  w as allow ed to 
cool. 0 .5  ml of m ethanol was th e n  a d d e d  to  th e  re a c tio n  m ix tu re , 
fo llow ed b y  w a te r  w hich w as ad d ed  d ro p  w ise u n ti l  a p re c ip i ta te  fo rm ed . 
D e sp ite  a tte m p ts  to  c ry s ta l is e  th e  ch lo rp ro p h am  b y  p lu n g in g  th e  R eac ti-  
v ia l in to  an  ic e -b a th ,  s c ra tc h in g  th e  wall of th e  c o n ta in e r  a n d , se e d in g  
w ith  a sm all c ry s ta l  of ch lo rp ro p h a m , l i t t le  c ry s ta l liz a tio n  r e s u l te d .  
Follow ing th e se  a tte m p ts  to  c ry s ta lliz e  th e  c h lo rp ro p h a m , th e  re a c tio n  
m ix tu re  was d r ie d  w ith  a n h y d ro u s  sodium  s u lp h a te ,  a n d  f i l te r e d  in to  a 
p e a r - s h a p e d  f la sk  w hich w as th e n  se a le d . I t  w as th is  m a te ria l w hich  
Is a b e l B oyd  h a d  a n t ic ip a te d  p u r ify in g  fo r u se  in  h e r  s tu d ie s  of s p ro u t  
s u p p r e s s a n t  p ro p e r t ie s  of ch lo rp ro p h am  b u t ,  s in ce  th e n ,  sh e  h a s  
c o n c e n tra te d  on a s p e c ts  of p o ta to  q u a lity  w hich d id  n o t r e q u ir e  lab e lle d  
c h lo rp ro p h a m ,
B efo re  u s in g  th is  lab e lled  m ate ria l, i t s  a c t iv i ty ,  p u r i t y ,  a n d  
th e  to ta l  q u a n ti ty  of ch lo rp ro p h am  p re s e n t  h a d  to  b e  e s ta b l is h e d .  T h e  
re a c tio n  m ix tu re  in th e  p e a r - s h a p e d  f la sk  w as t r a n s f e r r e d  q u a n t ita t iv e ly  
w ith  th e  aid  of h e x a n e  w ash in g s  to  a 10 ml v o lu m etric  f la s k .  30 pi of 
th is  w as ta k e n  a n d  d ilu te d  to  5 ml w ith  h e x a n e . T h e  c o n c e n tra tio n  of 
c h lo rp ro p h a m  in  th e  5 ml vo lum etric  f la sk  w as d e te rm in e d  u s in g  th e  
h ig h  p e rfo rm a n c e  liq u id  c h ro m a to g rap h y  d e s c r ib e d  in  C h a p te r  4. T he 
c h ro m a to g ra p h ic  co n d itio n s  w ere  as follow s:
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colum n; 25 cm x  0 .5  cm i . d .  
p a c k in g : 3 pm H yp ersil
e lu e n t: 40% d ic h lo ro m e th an e , 60% h e x a n e  (b y  volum e)
flow r a te :  1 .0  ml/min
p r e s s u r e  d ro p : 1000 p . s . i .
d e te c to r :  (UV sp e c tro p h o to m e te r)  : 237 nm
in jec tio n  volum e : -| :^ p l
F ig u re  5,1 is  a chrom atogram  of th e  c ru d e  re a c tio n  m ix tu re  a n d  
sh o w s a la te  e lu tin g  com ponent co n tam in a tin g  th e  sam ple. T h e  co n ce n ­
t r a t io n  of th is  im p u rity  am ounts to  some 18% of th e  ch lo rp ro p h a m  p r e s e n t ,  
if  th e  m olar a b s o rp tiv i t ie s  of th e  ch lo rp ro p h am  and  th e  im p u rity  a re  
a ssu m e d  to  b e  s im ila r , Some "s to p -flo w  scan n in g "  of th e  im p u rity  w as
c a r r i e d  o u t b u t  s in ce  th e  UV c u t-o f f  of d ich lo ro m eth an e  is  a ro u n d  235 nm 
th e n  i t  w as on ly  p o ss ib le  to te n ta tiv e ly  s u g g e s t  th a t  th e  im p u rity  h a d  a
X of ab o u t 237 nm . m ax
T he e lu an t from  th e  column w as co llec ted  m anually  in  v ia ls ,  
in to  w h ich  h ad  b een  p la ced  10 ml of Dimilume liq u id  sc in tilla tio n  f lu id  
( P a c k a rd  In s tru m e n ts  In c . ) .  T he a c tiv ity  of each  f ra c tio n  w as d e te rm in e d  
u s in g  a P h illip s  Model PW4510 liq u id  sc in tilla tio n  c o u n te r  (L S C ). T h e  
m ean of th e  th r e e  re p lic a te s  show ed th a t  th e  ch lo rp ro p h a m  c o n ta in e d  
97.4% of th e  ra d io la b e l a f te r  c o rre c tio n  fo r  a colum n re c o v e ry  fa c to r  o f 
99.1% (s e e  S ection  4 .3 ) .  No o th e r  f ra c tio n  p ro d u c e d  c o u n ts  s ig n if ic a n tly  
d i f f e r e n t  from  th e  b a c k g ro u n d . T he to ta l am ount of ch lo rp ro p h am  
p r o d u c t  w as 204 mg an d  th e  to ta l a c t iv ity  w as 1.28 x  10^^ d is in te g ra t io n s  
p e r  m inu te  (d p m ). U sing  th e  SI u n it  th e  B e c q u e re l (B q ) ,  w hich  is  a 
d is in te g ra tio n  p e r  seco n d  ( d p s ) ,  th e  a c tiv ity  was 2 .13  x  10^ B q
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(2.13M  B q ) . In  te rm s  of C u rie s  (C i) th is  c o r re s p o n d s  to  57.8 pCi 
to ta l  a c t iv ity  an d  a spec ific  a c tiv ity  of 60.6  pC i/m m ol ch lo rp ro p h a m .
T h e  y ie ld  of th e  re a c tio n  w ith  r e s p e c t  of p ro p a n -2 -o l w as 71.7% b u t  th e  
y ie ld  w ith  r e s p e c t  to  th e  rad io lab e l s ta r t in g  m a te ria l w as only  12.1%. 
C le a rly  c o n s id e ra b le  lo sse s  m ust hav e  o c c u r re d  w hen th e  lab e lled  
p ro p a n -2 -o l  was t r a n s f e r r e d  from  th e  sea led  d e liv e ry  am poules to  th e  
re a c tio n  v e s s e l.  T h e  lo s se s  w ould hav e  b e e n  low er h a d  all th e  la b e lle d  
alcohol b een  d e liv e re d  in ju s t  one am poule.
T he a c tiv ity  was le ss  th a n  w hat h a d  b e e n  h o p ed  fo r b u t  th e  
h ig h  c o n c e n tra tio n s  of ch lo rp ro p h am  th a t  w ere  to  b e  u s e d  in s u b s e q u e n t  
s tu d ie s  allow ed th e  u se  of rad io lab e lled  m a te ria l of low sp ec ific  a c t iv i ty .
T he im p u rity , i t  was th o u g h t w ould m ost lik e ly  b e  th e  m ethy l 
e s te r  of N -3 -ch lo ro p h en y lca rb am ic  acid  w hich  w as fo rm ed  w hen m ethano l 
w as r e a c te d  w ith  th e  ex ce ss  iso cy an a te  a g e n t an d  w as u s e d  to  d isso lv e  
th e  re a c tio n  p r o d u c ts .  I t s  p re s e n c e  w ould of c o u rse  confirm  th e  fa c t 
th a t  an  e x c e ss  of iso c y a n a te  h ad  b een  a d d e d  to  e n s u re  th a t  all of th e  
p ro p a n -2 -o l  r e a c te d  to  p ro d u c e  ch lo rp ro p h a m . B e fo re  an y  m etabolism  
s tu d ie s  co u ld  b e  u n d e r ta k e n  th is  im p u rity  w ould h av e  to  be  rem o v ed . 
T h is  w as accom plished  b y  u s in g  an  alum ina colum n. T he  alum ina colum n 
c o n d itio n s  a re  g iv e n  below (S ection  5 .3 ) .  T h e  c h ro m a to g rap h ic  
b e h a v io u r  of th e  im p u rity  on th e  h ig h  p r e s s u r e  l iq u id  c h ro m a to g ra p h  
w hen e q u ip p e d  w ith  a norm al p h a se  (H y p e rsü )  colum n was u se d  as a 
s ta r t in g  p o in t .  T he  la rg e  se p a ra tio n  b e tw ee n  th e  ch lo rp ro p h a m  a n d  th e  
im p u r ity  on th e  h ig h  p r e s s u r e  liq u id  c h ro m a to g ra p h  i t  w as h o p ed  sh o u ld  
allow com plete s e p a ra t io n  even  on a c o n v en tio n a l c le a n -u p  column sy s te m . 
To m inim ise th e  r i s k  of lo s in g  a la rg e  p ro p o r tio n  of th e  rad io lab e l a sm all
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q u a n t i ty  of th e  c ru d e  re a c tio n  m ix tu re  w as p u r if ie d  on an  alum ina colum n 
p r io r  to  la rg e  a liq u o ts  of th is  m ix tu re  b e in g  a p p lie d  to  th e  colum n. To 
o b ta in  a d ilu te  m ix tu re  of th e  c ru d e  re a c tio n  p ro d u c ts  0 .2  ml w as rem o v ed  
from  th e  10 ml f la sk  an d  d ilu te d  to  25 ml w ith  h e x a n e .
U sing  2 ml a liq u o ts  of th is  d ilu te d  m a te ria l, i t  was p o s s ib le  to  
m axim ise r e c o v e ry  of th e  ch lo rp ro p h am  from  th e  column w hile m inim ising 
th e  c o n c e n tra tio n  of th e  im p u rity , 10 ml f ra c tio n s  w ere  co llec ted  from  
th e  alum ina colum n an d  a n a ly se d  b y  h ig h  p r e s s u r e  liq u id  c h ro m a to g ra p h y  
u s in g  th e  co n d itio n s  g iven  ab o v e . T h is  show ed th a t  f ra c t io n s  c o v e r in g  
th e  40-80 ml b a n d  c o n ta in ed  98% of th e  ap p lied  ch lo rp ro p h a m  w ith  a t r a c e  
of th e  im p u r ity  on ly  becom ing e v id e n t in  th e  70-80 ml f ra c t io n . I f  th e  
70-80 ml f ra c tio n  w as n o t in c lu d ed  in  th e  main b u lk e d  f ra c tio n  th e n  th e  
40-70 ml f ra c t io n s  co n ta in ed  only 93.8% of th e  ch lo rp ro p h a m  a p p lie d  to  
th e  co lum n, b u t  p r e v e n te d  th e  in c lu sio n  of th e  im p u rity  w hich  am o u n ted  
to  some 0.3% of th e  to ta l ch lo rp ro p h am  w hich  w as p r e s e n t  in  th e  40-80 ml 
f r a c t io n .  I t  w as th e re fo re  d ec id ed  n o t to  b u lk  th e  70-80 f r a c t io n s  w ith  
th e  40-70 ml f r a c t io n s .
5. 3 F in a l P u rif ic a tio n  M ethod
T h e  m ethod  u se d  to  p ack  th e  colum ns w as th a t  d e s c r ib e d  in  
S ec tio n  3 .3 2 . A 25 cm x  0 .9  cm i , d ,  colum n f i t te d  w ith  a g la ss  s in te r  
w as u s e d .  T he  a d s o rb a n t  b e d  d e p th  w as 25 cm a n d  a 1 cm p lu g  of 
a n h y d ro u s  sodium  s u lp h a te  was p la ced  on th e  top  of th e  colum n. T h e  
a d s o rb a n t  m a te ria l u se d  was n e u tra l  alum ina (Woelm) a n d  was d e a c tiv a te d  
b y  ad d itio n  of 20g of d is ti lle d  w a te r to  lOOg of a lum ina. T he w a te r  w as 
a d d e d  d ro p w ise  a n d  sh ak en  o v e rn ig h t on a re c ip ro c a tin g  s h a k e r
97
(G rif f in  a n d  G e o rg e ) . H exane was u s e d  a s  th e  e lu e n t an d  20 ml w as 
r u n  th ro u g h  th e  column p r io r  to  ap p lica tio n  of th e  sam ple. Sam ples 
w ere  d raw n  from  th e  10 ml volum etric  f la sk  c o n ta in in g  th e  c ru d e  re a c tio n  
m ix tu re  a n d  th e  volum es d ep en d e d  on th e  am ount of m a te ria l r e q u ir e d  
fo r  th e  p a r t ic u la r  s tu d y  an d  in c lu d ed  a b o u t a 20% e x c e ss  of m a te ria l.
T he  40-70 ml f ra c t io n s  from  th e  alum ina colum n w ere co llec ted  an d  
r e ta in e d .  T he  0-40 ml a n d  70-120 ml f ra c t io n s  w ere  a s sa y e d  fo r  c h lo r ­
p ro p h am  p r io r  to  b e in g  d is c a rd e d . T h e  40-70 ml fra c tio n  w as r u n  dow n 
on a r o ta r y  e v a p o ra to r  a t 35°C u n d e r  r e d u c e d  p r e s s u r e  p r io r  to  b e in g  
t r a n s f e r r e d  to  a p re w e ig h e d  g ra d u a te d  f la s k .  A ce to n e , w hich  w as th e  
s o lv e n t u s e d  to  in tro d u c e  th e  rad io lab e lled  ch lo rp ro p h a m  to  g ro w th  m edia, 
w as a d d e d  to  th e  g ra d u a te d  flask  on a w eig h t b a s is .
A sm aller th a n  a n tic ip a te d , b u t  know n volum e of a c e to n e , w as 
a d d e d  a n d  th e  to ta l am ount of ch lo rp ro p h am  in  th e  f la sk  w as d e te rm in e d  
b y  h ig h  p r e s s u r e  liq u id  ch ro m a to g rap h y . O nce th is  was know n a 
f u r th e r  a d d itio n , ag a in  b y  w eigh t, of ace to n e  w as made to  g ive  th e  
c o n c e n tra tio n  th a t  was r e q u ir e d .  F ig u re  5 . I I  show s a ch ro m ato g ram  of 
p u r if ie d  ^^C -lab e lled  ch lo rp ropham  of th e  40-70 ml f ra c t io n .
T he  e x a c t chem ical p u r i ty  of th e  ch lo rp ro p h a m  co u ld  n o t b e  
d e te rm in e d  due  to  th e  d iff icu ltie s  in  o b ta in in g  a so lv e n t f re e  w e ig h t fo r  
th e  to ta l  c h lo rp ro p h a m  p r e s e n t ,  in  o rd e r  th a t  th e  HPLC re s p o n s e  co u ld  
b e  co m p ared  to  th a t  of a s ta n d a rd  of know n p u r i t y .  H ow ever th e  
ch ro m a to g ram  (F ig u re  5 . II)  shows no  UV a b s o rb in g  im p u ritie s  to  b e  
p r e s e n t .  In  th e  a b se n c e  of any  of th e  lik e ly  re a c tio n  p ro d u c t  co n tam in ­
a tin g  th e  alum ina colum n p u r if ie d  c h lo rp ro p h a m , i t  w as c o n c lu d e d  th a t  
i t  w as o f h ig h  p u r i ty .
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F ig u re  5 .1 , HPLC chrom atogram  of th e  c ru d e  re a c tio n  m ix tu re . F o r 
ch ro m a to g rap h ic  co n d itio n s  of th is  norm al p h a se  H y p e r sil 
colum n see  Section  5 .2 .
C a rb o n -14 L ab e lled  




F ig u re  5 .I I ,  HPLC chrom atogram  of c a r b o n - 14 la b e lle d  ch lo rp ro p h am
a f te r  p u r if ic a tio n  of reac tio n  m ix tu re  on an  alum ina colum n 
F o r ch ro m a to g rap h ic  co n d itio n s  on th is  norm al p h a se  
H y p e r 5 il column see  Section  5 ,2
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METABOLISM OF CHLORPROPHAM BY ERWINIA CAROTOVORA VAR. 
ATROSEPTICA (BACTERIAL SOFT ROT OF POTATOES)
6 .1  INTRODUCTION
I t  cou ld  b e  co n s id e re d  th a t  th e  scope fo r b io tra n s fo rm a tio n  of 
ch lo rp ro p h a m  in a p o ta to  s to re  is  lim ited  s in ce  m etabolic a c tiv ity  is  low 
fo r  m ost of th e  tim e. R e sp ira tio n  of th e  tu b e r s  how ev er c o n tin u e s  
th ro u g h o u t  th e  s to ra g e  season  w ith  th e  h ig h e s t  r a te  b e in g  ju s t  a f te r  
h a r v e s t  w hen w ound healing  ta k e s  p la c e . D u rin g  th e  w ound h ea lin g  
p e r io d  th e  s to re  te m p e ra tu re  is allow ed to  r is e  in o rd e r  to  sp e e d  up  th e  
p r o c e s s .  T h ese  e le v a te d  te m p e ra tu re s  a re  m a in ta in ed  fo r a ro u n d  14 d a y s  
b e fo re  th e  cooling system  in la rg e  m odern  s to r e s  b r in g s  th e  te m p e ra tu re  
dow n to  8 -I0 °C  fo r long  te rm  s to ra g e . I f ,  h o w e v e r, th e  p o ta to e s  a re  
w e t, th e n  d ry in g  an d  cooling ta k e s  p r io r i ty  o v e r  w ound h ea lin g  s in ce  
th e  w et c o n d itio n s  w hen co u p led  w ith  h ig h  te m p e ra tu re s  e n c o u ra g e s  th e  
d ev e lo p m en t of b a c te r ia l so ft r o ts .
A fte r  w ound hea lin g  is com plete  ch lo rp ro p h a m  is  ap p lied  to  th e  
t u b e r s ,  a l th o u g h  th e  p o in t sh o u ld  b e  m ade th a t  com m ercial s to re s  a re  
n e v e r  f re e  of ch lo rp ro p h am , as c o n s id e ra b le  q u a n ti t ie s  of th is  v o la tile  
chem ical h a v e  b u il t  up  in th e  fa b ric  of th e  s to re  (B o y d , 1984). T h e re ­
f o r e ,  th e  b u lk  of th e  ch lo rp ro p h am  is a p p lie d  to  th e  p o ta to e s  a f te r  th is  
in itia l h ig h  re s p ir a t io n  r a te  of th e  tu b e r s  h a s  d ec lin ed  an d  a t a tim e w hen 
th e  sm all am ount of soil a d h e r in g  to  th e  tu b e r s  h a s  d r ie d  o u t som ew hat.
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A lth o u g h  th e  o v e ra ll r e s p ira t io n  r a te  in  th e  s to re  is  low , th e  long  c o n ta c t 
p e r io d  of th e  s p ro u t  s u p p re s s a n t  w ith  b io log ica l a n d  n o n -b io lo g ica l sy s te m s  
in th e  s to re  may r e s u l t  in s ig n ifican t am o u n ts  of tr a n s fo rm a tio n . A lso 
th e r e  is  p r e s e n t  an  a r r a y  of p a th o g en ic  a n d  s a p ro p h y tic  o rg an ism s in  a n d  
on p o ta to  tu b e r s  w hich  may m etabolise th e  c h lo rp ro p h a m . T he r e s p ir in g  
p o ta to e s  may also  m etabolise  th e  ch lo rp ro p h a m  th o u g h  on ly  small am oun ts  
p e n e t r a te  th e  tu b e r  to  g re a te r  th a n  1 o r  2 mm (C oxon a n d  F ilm er, 1985; 
P e is k e r  e t a l . , 1972) . A ctively  g row ing  m ic ro -o rg an ism s a re  n o t a 
p r e - r e q u i s i t e  to  p e s tic id e  tran sfo rm a tio n  s in ce  UV p h o to ly s is ,  e x t r a ­
c e llu la r  en zy m es, non -enzym ic  c a ta ly se d  re a c tio n s  an d  p u re ly  chem ical 
r e a c t io n s  can  all h a v e  a ro le .
O ne of th e  m ost ac tiv e  m icrobes in  a p o ta to  s to re  is  th e  c a u sa l 
a g e n t o f b a c te r ia l  so ft r o t  - E rw inia c a ro to v o ra  v a r .  a t r o s e p t ic a . S oft 
r o t s  a r e  n o t e v en ly  d is tr ib u te d  th ro u g h o u t th e  s to r e ,  b u t  o ften  p o c k e ts  
of so f t r o t t in g  develop  a n d  u n le ss  th is  is  n o tic e d  a n d  d e a lt w ith  b y  rem oval 
of th e  tu b e r s  in  th e  a f fe c te d  a re a , la rg e  to n n a g e s  of p o ta to e s  can  b e  
d e s t r o y e d .  T h is  c h a p te r  d e sc r ib e s  th e  w ork  c a r r ie d  o u t to  id e n tify  
m e tab o lite s  of ra d io la b e lle d  ch lo rp ro p h am  w hen it  is  in c o rp o ra te d  in to  th e  
g ro w th  medium of th is  b ac te riu m .
6. 2 P re lim in a ry  Work In v o lv ed  in th e  S e tt in g  up  of E . c a ro to v o ra  
S u sp e n s io n  C u ltu re s
All th e  so lv e n t u se d  in th e  e x tra c tio n  of c u l tu r e s  w as of AR 
g r a d e ,  su p p lie d  b y  H opkins an d  Williams.
B e fo re  c a r b o n - 14 lab elled  ch lo rp ro p h a m  cou ld  b e  u s e d ,  s e v e ra l 
a s p e c ts  of th e  g ro w th  of E . ca ro to v o ra  in  c u l tu re  h a d  to  b e  in v e s t ig a te d .
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I t  w as a n tic ip a te d  th a t  th e  ch lo rp ro p h am  w ould  b e  a d d e d  to th e  g ro w th  
medium  a t a co n c e n tra tio n  w hich w ould n o t a d v e rs e ly  a f fe c t g ro w th  r a t e s  
w h ile , a t  th e  same tim e, it  sh o u ld  r e f le c t  th e  s itu a tio n  th a t  e x is ts  in  th e  
s to r e .  Id ea lly  th e  so lv en t u se d  to  a p p ly  th e  ch lo rp ro p h am  to  th e  m edium  
sh o u ld  also  h a v e  li t t le  e ffec t on g ro w th  o r b e  th e  same so lv e n t a p p lie d  a t  
a b o u t th e  same ra te  as th a t  u se d  to  ap p ly  ch lo rp ro p h am  in th e  s to r e s .
T h e  s h o r t  d u ra tio n  of th is  s tu d y  w ould  h o w ev er r e q u ir e  minimal e f f e c ts  of 
th e  so lv e n t on th e  g ro w th  r a te  of th e  b a c te r iu m .
P re lim in a ry  e x p e rim en ts  u s in g  th e  u su a l g ro w th  medium of 
E . c a ro to v o ra . N u tr ie n t A g ar (O xoid , B a s in g s to k e , E n g lan d ) show ed  th a t  
e x tra c t io n  of so lid ified  medium was d if f ic u lt. E x tra c tio n  of liq u id  c u l tu r e s  
o f E . c a ro to v o ra  was m ore s u c c e s s fu l.  In c re a s e d  g ro w th  r a te s ,  ea se  of 
in o c u la tio n , an  ab ility  to  ad d  ch lo rp ro p h am  to  cool medium im m ediately  p r io r  
to  in o c u la tio n , a s  well as even  d is tr ib u tio n  of th e  chem ical th ro u g h o u t  th e  
m edium , a re  all a d v a n ta g e s  o v e r th e  gel m edium .
T he in itia l g row th  e x p e rim e n ts  to  d e te rm in e  th e  e ffe c t of 
c h lo rp ro p h a m  c o n c e n tra tio n , an d  th e  so lv e n t i t  w as ap p lied  in , on th e  
g ro w th  of E . ca ro to v o ra  p o se d  two p ro b le m s. T h e  f i r s t  of th e se  w as th a t  
of e n s u r in g  th e  same am ount of inoculum  was a d d e d  to  each  c u l tu re  f la s k .  
T h e  se c o n d  prob lem  was th a t  of a s se s sm e n t of g ro w th  r a t e s .  In  th e  ca se  
o f fu n g a l c u l tu r e s ,  su ch  p rob lem s do n o t a r is e ,  d u e  to  th e  ease  of 
o b ta in in g  uniform  inoculum  from  c o n c e n tr ic  r in g s  a ro u n d  a ra d ia lly  g ro w in g  
f u n g u s ,  a n d  g ro w th  a sse ssm e n t is  m ere ly  th e  m easu rem en t of th e  r a d ia l  
e x te n s io n  of th e  m ycelium .
In  o rd e r  to  ach iev e  sim ilar inoculum  s ize , E. c a ro to v o ra  ce lls  
w ere  h a rv e s te d  from  a g a r  s la n ts  w hich  w ere  m a in ta in ed  b y  th e  M ycology
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D e p a rtm e n t in  th e  U n iv e rs ity  and  d is t r ib u te d  th ro u g h o u t a m edicine b o tt le  
of f r e s h  m edium . O ften  th e  inoculum  w as d iv id e d  b e tw een  two m edicine 
b o t t le s ,  w ith  one b e in g  sea led  and  only  u se d  in  th e  la t te r  s ta g e s  of a 
p ro lo n g e d  in o cu la tion  se ss io n . T he rem oval of a f ix e d  volum e from  th e  
m ed icine  b o tt le  e n s u re d  sim ilar inoculum  s iz e . T h is  was a t ta in e d  b y  
m a rk in g  b a tc h e s  of P a s te u r  p ip e tte s  a t th e  sam e lev e l ( c a . 0 .7  ml) p r io r  
to  a u to c la v in g  in  b row n p a p e r .  C o tton  wool p lu g s  p u s h e d  in to  th e  e n d s  
of th e  p ip e t te  elim inated  th e  n eed  to  a u to c lav e  th e  r u b b e r  te a ts .
T h e  a sse ssm e n t of g ro w th  r a te  w as in itia lly  c o n s id e re d  m ore of 
a p ro b le m . A H aem ocytom eter can  b e  u se d  to  c o u n t th e  n u m b er of ce lls  
in  a d ro p  of c u l tu re  medium b u t  th is  w as c o n s id e re d  te d io u s  an d  of 
q u e s tio n a b le  a c c u ra c y  ev en  fo r th e se  s tu d ie s .  N e p h e lo m e try , w hich  is  a 
m e a su re  of th e  d e g re e  of l ig h t  s c a tte r in g  b y  ce lls  in  s u sp e n s io n , is  an  
a l te rn a t iv e  a n d  commonly u se d  b y  m icro b io lo g is ts  (K o ch , 1970). S ta n d a rd  
sp e c tro p h o to m e te rs  (U V /v is ib le ) h av e  also  b e e n  u s e d  to  a s s e s s  g ro w th  
r a te s  o f su sp e n s io n  c u l tu r e s .  T he u se  of s u c h  an  in s tru m e n t seem ed 
lo g ica l a n d  w as ad o p ted  h e re  since  d if fe re n c e s  in  g ro w th  r a te s  b e tw ee n  
f la s k s  co u ld  b e  d e te c te d  b y  eye (w h e re  e s s e n tia lly  th e  d e g re e  of tu r b id i ty  
of l ig h t  tr a n s m itta n c e  was b e in g  a s s e s s e d .
In  o rd e r  to  c a lib ra te  th e  sp e c tro p h o to m e te r  (P y e  U nicam , Model 
S P I8 0 0 ), u n in o c u la te d  medium was sc a n n e d  an d  a low op tica l d e n s ity  
(OD) v a lu e  w as fo u n d  a t 570 nm . A se r ie s  of d ilu tio n s  of a su sp e n s io n  
c u l tu r e  of E . c a ro to v o ra , w hich co n ta in ed  a h ig h  cell " c o n c e n tra tio n " , 
from  0% to  100% in f r e s h  u n in o c u la te d  medium w as p r e p a re d  a n d  th e  o p tic a l 
d e n s ity  o f th e s e  d e te rm in e d  a t 570 nm . When cell " c o n c e n tra tio n "  w as 
p lo t te d  a g a in s t  op tica l d e n s ity ,  a s t r a ig h t  line  re la tio n sh ip  w as o b s e rv e d
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(F ig u re  6.1) w hich  p ro v e d  more th a n  a d e q u a te  fo r th e  p u rp o s e s  of 
a s s e s s in g  g ro w th  r a te s  in th is  w ork .
T he g ro w th  of E . c a ro to v o ra  in medium co n ta in in g  c h lo r ­
p ro p h am  a c ro s s  th e  ra n g e  of 0 to 100 u g /g  w as a s s e s s e d .  A co n ce n ­
tr a t io n  of 30 tig /g  ch lo rp ro p h am  in th e  medium r e s u l te d  in  g ro w th  r a te s  
b e in g  r e d u c e d  b y  ab o u t 25% in th e  case  of ae ro b ic  c u l tu re s  a n d  35% in  th e  
c a se  of a n ae ro b ic  c u l tu re s  w hen com pared  to  ace to n e  c o n tro ls .  T h is  
c o n c e n tra tio n  is also one w hich is lik e ly  to  b e  e n c o u n te re d  in  a p o ta to  
s to r e  w h e re  20 g /to n n e  is a common ap p lica tio n  r a te .  T h e  u s e  of ace to n e  
a s  th e  so lv e n t was c o n v e n ie n t s in c e , lik e  m e thano l, i t  can  b e  u s e d  fo r 
m a in ta in in g  a se p tic  co n d itio n s  and  th e re fo re  sp ec ia l s te r i l is a t io n  p ro c e d u re s  
w ere  n o t r e q u ir e d  fo r  th e  s tock  so lu tio n s  u s e d  to  ad d  ch lo rp ro p h a m  to  th e  
g ro w th  m edium .
E rw inia c a ro to v o ra  v a r .  a tro s e p t ic a  is  a fa c u lta t iv e  a n a e ro b e  
a n d  it  is  lik e ly  th a t  in  a ra p id ly  d eca y in g  p o c k e t of p o ta to e s ,  a n a e ro b ic  
c o n d itio n s  w ould p re v a i l .  A naerob ic  g ro w th  c o n d itio n s  w ere  also  u s e d  in  
a s e t  of E . c a ro to v o ra  c u l tu r e s .  T h e se  p ro d u c e d  sim ilar g ro w th  r a te s  to  
th e  a e ro b ic  c u l tu re s  w hen m easu red  b y  th e  sp e c tro p h o to m e tr ic  m ethod .
T h e  a n a e ro b ic  f la sk s  c o n s is te d  of 500 ml con ica l f la s k s  w ith  B24 g ro u n d  
g la s s  s to p p e r s  f i t te d  in s te a d  of n o n -a b s o rb e n t  cotton wool in  th e  c a se  o f 
th e  ae ro b ic  f la s k s .  All th e  f la sk s  containing medium w ere  autoclaved w ith  
n o n - a b s o r b e n t  cotton  wool s to p p e rs  to  allow expansion of the f la s k  
c o n te n ts .  T h e  s to p p e r s  w ere  a u to c la v e d  separately and a l i t t le  s ilicon  
g re a s e  on  th e  s to p p e r s  e n s u re d  a good sea l a f te r  in o c u la tio n . T h e  g la s s  
s to p p e r s  h a d  to  b e  se a le d  and h e ld  down with ce llo tap e  a f te r  inoculation 
to  p r e v e n t  them  blow ing  o ff a s  a r e s u l t  o f g a s  pressure b u ild in g  up in the
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f la sk  d u r in g  th e  g ro w th  of th e  a n e ro b ic  c u l tu r e s .  A n aero b ic  co n d itio n s  
w ould  on ly  b u ild  up  in th e  flask  as th e  o x y g e n  was consum ed  a n d  m ay, i t  
w as th o u g h t ,  r e s u l t  in a d if fe re n t d e g ra d a tiv e  pathw ay fo r  th e  c h lo rp ro p h a m .
L a te r  in  th e  co u rse  of th is  w ork  a f u r th e r  s e t of f la s k s ,  w h ich  
h a d  b e e n  f lu s h e d  w ith  n itro g e n  to  e n s u re  an ae ro b ic  co n d itio n s  from  th e  
s t a r t  of g ro w th , w ere  also u s e d . To fa c ilita te  n i tro g e n  f lu s h in g ,  m odified  
D re sc h n e l b o tt le  h e a d s  w ere u se d  to  re p la c e  th e  g la ss  s to p p e rs  on th e  
f la s k s .  T h ese  D re sc h n e l b o ttle  h e a d s  h a d  g ro u n d  g la ss  ta p s  a n d  B 19 
co n es  f i t te d  to  b o th  th e  in le t and  o u tle t  of th e  h e a d . S te r i l is e d  a ir  
c o n d e n s e rs  p a c k e d  w ith  n o n -a b s o rb e n t co tto n  wool w ere  th e n  f i t te d  to  b o th  
th e  in le ts  an d  o u tle ts  an d  n itro g e n  w as p a s s e d  th ro u g h  th e  f la sk  fo r  2 
m in u te s  a t  a flow r a te  of ap p ro x im ate ly  5 /m in u te . T h e  g ro w th  r a te s  of 
th e  n i t ro g e n  f lu s h e d  c u l tu re s  w ere ex tre m ely  slow , ta k in g  a b o u t 4 tim es 
as lo n g  to  p ro d u c e  a sim ilar am ount of g ro w th  as th e  ae ro b ic  c u l tu r e s  o r  
th e  a n ae ro b ic  c u l tu r e s  w hich m erely  h a d  g la ss  s to p p e r s  f i t te d  to  th e  f la s k .
S ince  ch lo rp ro p h am  h as  an  a p p re c ia b le  v a p o u r  p r e s s u r e  
10  ^ -  10  ^ mm Hg (A lex an d ro v a  a n d  K lisen k o , 1982), lo s se s  from  th e  
ae ro b ic  c u l tu re  f la sk  a re  p o ss ib le . While lo ss  of u n la b e lle d  c h lo rp ro p h a m  
is  of l i t t le  c o n c e rn , con tam ination  of th e  s u r ro u n d in g  a re a s  w ith  r a d io ­
la b e lle d  ch lo rp ro p h a m  h ad  to  be m inim ised. With th is  in  m ind , th e  lo s s  
of ch lo rp ro p h am  from  w ate r so lu tio n s  w as in v e s t ig a te d .  500 ml c o tto n  
wool s to p p e re d  f la s k s ,  to  w hich h a d  b e e n  a d d e d  b y  w e ig h t 90 ml of a 
30 g g /m l ch lo rp ro p h a m  so lu tio n , w ere  p la c e d  on an  o rb ita l  s h a k e r  a t  a 
te m p e ra tu re  of 30°C a n d  sp eed  of 90 re v o lu tio n s  p e r  m inu te (R P M ). A t 
v a r io u s  time in te rv a ls  from  0 to 19 d a y s ,  d u p lic a te  f la sk s  w ere  re w e ig h e d  
a n d  th e  ch lo rp ro p h a m  c o n c e n tra tio n  in  th e  w a te r  d e te rm in e d  b y  r e v e r s e
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p h a s e  h ig h  p r e s s u r e  liq u id  ch ro m a to g rap h y  ( fo r  c o n d itio n s  see  S ec tio n  4 .1 ) .  
T h e  r e s u l t s  show ed th a t  a f te r  an  in itia l d ro p  in  th e  ch lo rp ro p h a m  c o n c e n ­
t r a t io n  a t  D ay 4, th e  r a te  of ch lo rp ro p h am  lo ss  an d  w a te r  lo ss  w ere  
s im ilar so th a t  a f te r  19 d ay s  th e re  h ad  b e e n  a w a te r  lo ss  of 8% a n d  a 
c h lo rp ro p h a m  lo ss  of 9%. C le a r ly , lo s se s  of th is  am ount of a ra d io la b e lle d  
com pound  cou ld  n o t be to le ra te d .
P o ly u re th a n e  p lu g s  h av e  b e e n  u se d  to  t r a p  o rg an ic  v a p o u rs  a n d  
s in ce  ch lo rp ro p h a m  is s t r u c tu ra l ly  r e la te d  to  u r e th a n e ,  e ff ic ie n t c a p tu r e  
a n d  r e te n t io n  cou ld  be  e x p e c te d  (K e a rn e y  an d  K o n tso n , 1976).
In  o rd e r  to  a s se s s  th e  ab ility  of a p o ly u re th a n e  t r a p  to  r e ta in  
an y  v o la til is e d  ch lo rp ro p h a m , u se  was m ade of th e  m odified  D re s c h n e l 
b o tt le  h e a d s  d e s c r ib e d  ab o v e . T he in le t a n d  o u tle t  of th e  b o tt le  h e a d s  
w ere  f i t te d  w ith  p o ly u re th a n e  p a c k e d  B 19 a ir  c o n d e n s e r .  A p iece  of low 
d e n s ity  p o ly u re th a n e  "foam" (40 mm x 100 mm x  25 mm) was p a c k e d  
b e tw e e n  two p lu g s  of n o n -a b s o rb e n t co tto n  wool. 90 ml of w a te r  c o n ta in ­
in g  30 M-g/ml ch lo rp ro p h am  was p la ced  in  f la sk s  f i t te d  w ith  th e  p o ly ­
u r e th a n e  t r a p s  an d  a ir was pum ped  th ro u g h  a t  a flow r a te  of a b o u t 
400 m l/m in u te  fo r  a p e rio d  of 72 h o u rs  w hile th e  f la s k s  w ere  m a in ta in ed  
a t  a te m p e ra tu re  of 20°C. T he a irs tre a m  w as d ir e c te d  th ro u g h  th e  in le t  
a ir  c o n d e n s e r  an d  down th e  g la ss  tu b e  in s id e  th e  f la s k  w hich te rm in a te d  
a b o u t 1 cm above th e  w a te r lev e l. T he a i r ,  to g e th e r  w ith  th e  c h lo rp ro p ­
ham v a p o u r ,  was e x h a u s te d  th ro u g h  th e  seco n d  c o n d e n s e r .  T h e  o b je c t 
of th e  f i r s t  c o n d e n s e r  was to  rem ove im p u ritie s  in  th e  a ir  w h ich , if n o t 
rem o v ed  b y  th e  f i r s t  p o ly u re th a n e  t r a p ,  m igh t h a v e  co n tam in a ted  th e  
c h lo rp ro p h a m  tr a p  on th e  e x h a u s t .
107
To rem ove th e  m ateria l re ta in e d  b y  th e  t r a p ,  a B 19 Q u ick fit 
con ica l f la sk  w ith  suc tion  s id e  arm , was u se d  to  a p p ly  a s lig h t n e g a tiv e  
p r e s s u r e  to  th e  p o ly u re th a n e  p lug  an d  100 ml of m ethanol w as d raw n  
th ro u g h  th e  c o n d e n s e r  an d  re d u c e d  in volum e to  10 ml b y  ro ta r y  
e v a p o ra tio n . T h e  c o n c e n tra tio n  of c h lo rp ro p h a m  in  th e  m ethanol e x t r a c t  
w as d e te rm in e d  b y  h ig h  p r e s s u r e  liq u id  c h ro m a to g ra p h y , u s in g  th e  same 
c o n d itio n s  a s  above (se e  Section  4 .1 ) .
A g a in , th e  w a te r lo ss  an d  th e  ch lo rp ro p h a m  lo ss  from  th e  f la s k  
w as co m p arab le . T he a v e ra g e  w a te r lo ss  fo r  th e  two re p lic a te s  w as 21% 
w hile th e  a v e ra g e  ch lo rp ro p h am  lo ss was 18%. T he  d u p lic a te  p o ly u re th a n e  
t r a p s  re c o v e re d  80% an d  85% of th e  ch lo rp ro p h am  lo s t from  th e ir  r e s p e c t iv e  
f la s k s .  T h e se  t r a p s ,  th e re fo re ,  w hile ca p a b le  of p re v e n t in g  m ost of th e  
lo s s  of ch lo rp ro p h a m  v a p o u r from th e  f la s k , co u ld  n o t r e c o v e r  all of th e  
c h lo rp ro p h a m  v a p o u r  in th is  fo rce  d r a u g h t  sy s te m .
V ap o u r t r a p s  sim ilar to th o se  ab ove  w ere  u se d  on aero b ic  
c u l tu r e  f la s k s  co n ta in in g  c a r b o n - 14 la b e lle d  c h lo rp ro p h a m , a l th o u g h  th e  
c o n d e n s e r  h a d  to be  s h o r te n e d  to f it  in to  th e  o rb ita l  s h a k e r .  T h e  s h o r t  
g ro w th  p e r io d  of th e  E. ca ro to v o ra  c u l tu re s  com bined  w ith  th e  a b ility  of 
th e  v a p o u r  t r a p  to  re ta in  m ost of th e  c h lo rp ro p h a m  sh o u ld  r e s u l t  in  low 
lo s s e s  of ra d io la b e lle d  ch lo rp ro p h am .
T h e  r a te  of m etabolism  of c h lo rp ro p h a m  b y  E . c a ro to v o ra  
c u l tu r e s  w as d e te rm in e d  u s in g  u n la b e lle d  ch lo rp ro p h a m  w ith  th e  f la sk s  
b e in g  e x t r a c te d  a f te r  a two day  g ro w th  p e r io d .  T h e  m ethod of e x tra c tio n  
u s e d  w as th e  m odified  B lig h /D y e r  p ro c e d u re  of S tü l a n d  M ansager ( 1973a). 
T h is  in v o lv e d  th e  ad d itio n  of m ethanol a n d  ch lo ro fo rm  to  g ive a m e thano l: 
ch lo ro fo rm  : w a te r  ra tio  of 2: 1 :0 . 8 w ith  th e  c u l tu re  medium s u p p ly in g  th e
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w a te r .  T h is  o n e -p h ase  system  was in itia lly  u s e d  to  e x t r a c t  th e  c u l tu r e s  
a n d  b r e a k  open  th e  ce lls  b e fo re  th e  so lv e n t r a tio  was a l te re d  to  2 :2 : 1 .8 . 
T h e  r e s u l t a n t  tw o -p h a se  system  h a s  a b o u t 99% of th e  u n a l te re d  c h lo r ­
p ro p h am  in th e  ch lo roform  p h a se . T h e  m e th a n o l/w a te r  p h a se  c o n ta in s  
v e ry  li t t le  ch lo rp ro p h am  b u t  h y d ro x y la te d  m etabo lites  of ch lo rp ro p h a m  
h a v e  b e e n  show n to  p a r ti t io n  in to  th e  a q u e o u s  p h a se  (S till an d  M a n sa g e r, 
1973a).
Due to  th e  d iff ic u lty  in v o lv ed  in  rem oving  w a te r  from  th e  
a q e u o u s  p h a s e ,  no ad d itio n a l w a te r was a d d e d  to th e  E. c a ro to v o ra  
c u l tu r e s .  T he r e q u ire d  m ethanol w as a d d e d  to  th e  c u l tu re  m edia a f te r  
th e  g ro w th  p e r io d  h ad  e lap se d  an d  th e  ch lo ro fo rm  was a d d e d  in  lo ts  w ith  
sh a k in g , so as to  r e ta in  th e  a d v a n ta g e s  of a o n e -p h a se  e x tra c tio n  sy s tem  
u n ti l  a p o in t was re a c h e d  w hen th e  r e q u ir e d  volum e of ch lo roform  h a d  
b e e n  a d d e d  a n d  th e  p h a s e s  s e p a ra te d .  O ccasio n a lly , a few  e x t r a  ml of 
ch lo ro fo rm  w ere  ad d e d  as th is  fa c ilita te d  th e  s e p a ra tio n  of th e  p h a s e s .  
C om plete  cell d is in te g ra tio n  was a ssu m ed , d u e  to  th e  com plete so lv a tio n  
of th e  c u l tu re  in th e  o n e -p h a se  e x t r a c t .
When p re lim in a ry  s tu d ie s  w ere  c a r r ie d  o u t u s in g  u n la b e lle d  
c h lo rp ro p h a m , i t  was im possib le to  say  if th e  m etabolism  of th is  a g ro ­
chem ica l took  p lace  in  th e  c u ltu re  f la sk  d u e  to  th e  d iff ic u lty  of a d d in g  an  
e x a c t volum e of ch lo rp ro p h am  so lu tion  u n d e r  a se p tic  c o n d itio n s , th u s  
r e s u l t in g  in  a la rg e  v a r ia tio n  in th e  a p p a re n t  re c o v e ry  of th e  chem ica l. 
T h e  e x tra c tio n  p ro c e d u re  itse lf  was n o t a t fa u lt  s in ce  e x tra c tio n  of s p ik e d  
m a tu re  E . c a ro to v o ra  c u l tu re s  p ro v e d  th o ro u g h  ( > 99%). T he  a c c u ra c y  
of s u c h  e x tra c tio n s  how ever could  n o t b e  r e p e a te d  u n d e r  a s e p tic  
c o n d itio n s  s in ce  th e se  re c o v e ry  s tu d ie s  in v o lv ed  a la rg e r  a d d itio n  of
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c h lo rp ro p h a m  so lu tio n  ( 2 ml of ace tone) to  a c o r re s p o n d in g ly  la rg e r  am oun t 
of g ro w th  m edium , an d  w ere c a r r ie d  o u t w h e re  a c c u ra c y  w as th e  main 
c r i te r io n  of th e  o p e ra tio n , r a th e r  th a n  a com bination  of a c c u ra c y  a n d  good 
s te r i le  te c h n iq u e .  T he  u se  of th e  same s to c k  so lu tio n  of ch lo rp ro p h a m  in  
th e  q u a n tif ic a tio n  of th e  ch lo rp ropham  c o n c e n tra tio n  in th e  e x t r a c ts  
in c re a s e d  th e  a c c u ra c y  of th e  re c o v e ry  d e te rm in a tio n .
With th e  u se  of rad io lab e lled  m a te ria l, h o w e v e r, th e  ca lcu la ted  
re c o v e r ie s  th e m se lv es  a re  only  of small im p o rta n c e , p ro v id e d  of c o u rse  
th a t  no a c tu a l lo ss  of th e  rad io lab e l to  th e  s u r ro u n d in g s  is  allow ed. T he  
d is t r ib u t io n  of th e  lab e l w ith in  th e  sy stem  is th e  in te r e s t in g  a s p e c t .  A 
s im p lified  d e te c tio n  sy stem  ( ra d io a c tiv ity  m o n ito rin g ) allows q u a n tif ic a tio n  
of th e  am oun t of ra d io iso to p e  p r e s e n t  as  a f i r s t  s te p  follow ed b y  a seco n d  
s te p  of th e  id e n tif ic a tio n  of th e  com pounds in  w h ich  i t  a p p e a r s .  T h is  is  
in v a lu a b le , n o t on ly  in d e term in ing  th e  o r ig in  of a p a r t ic u la r  com pound , 
b u t  it  can  g re a t ly  sp e e d  up th e  m ore ro u tin e  tra d i t io n a l  s te p s  of an 
a n a ly s i s .
6 .3 .1  M etabolism  of C a rb o n -14 L ab e lled  C h lo rp ro p h am  b y  E rw inia 
c a ro to v o ra  v a r . a tro s e p tic a
T h e  f i r s t  s tu d y  u s in g  g ro w th  m edium in c o rp o ra tin g  ra d io la b e lle d  
ch lo rp ro p h a m  w as c o n d u c te d  u n d e r  ae ro b ic  a n d  a n ae ro b ic  c o n d itio n s .
500 ml con ica l f la s k s  w ith  B24 g la ss  s to p p e r s  w ere  u s e d  to  allow a n a e ro b ic  
c o n d itio n s  to  b u ü d  up  in th e  f la sk s . In  th e  case  of th e  ae ro b ic  f la s k , 
p o ly u re th a n e  p a c k e d  a ir  c o n d e n se rs  w ere  u s e d  to  s to p p e r  th e  f la s k s .
T h e  g ro w th  medium was a s ta n d a r d  b a c te r ia l  n u t r i e n t  medium 
a n d  each  l i t r e  o f th is  co n ta in ed  Ig  b e e f  e x t r a c t  (O x o id , B a s in g s to k e ,
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E n g la n d ) ,  2g y e a s t e x tra c t  (O x o id ) , 5g p e p to n e  (D ifco L a b o ra to r ie s ,
D e tro it)  a n d  5g sodium  ch lo rid e  (AR g ra d e , H opkins an d  W illiam s), a n d  
th e  pH w as a d ju s te d  w ith  d ilu te  sodium  h y d ro x id e  to a t le a s t  7 .4  
( id e a lly  b e tw een  7. 5-7 . 6 ). 90 ml of th is  so lu tion  was a d d e d  to  each f la s k
a n d  c o tto n  wool s to p p e rs  w ere  f i t te d  p r io r  to  s te r ilis a tio n  b y  a u to c la v in g  
fo r  th e  s ta n d a rd  time of 20 m inu tes a t 121°C.
T he c a rb o n -14 lab e lled  ch lo rp ro p h a m  w as p r e p a re d  a s  d e s c r ib e d  
in  S ec tio n  5 .3 . 2 ml of th e  c ru d e  re a c tio n  m ix tu re  was p u r if ie d  to  g iv e
5 .15  m g/m l ch lo rp ropham  in 6 .4  ml a c e to n e . 0 .5  ml of th is  w as p ip e t te d  
in to  th e  c u l tu re  f la sk s  u n d e r  a se p tic  c o n d itio n s . T he m ethod  of 
in o c u la tio n  u se d  was th a t  d e s c r ib e d  in Section  6 .2 . F o r th e  same re a s o n s  
a s  c o tto n  wool f i l te r s  w ere p la ced  in th e  in o c u la tin g  P a s te u r  p ip e t te s ,  
g r a d u a te d  p ip e tte s  w ere f i t te d  w ith  th e se  also  s in ce  th e  p u m p e tte s  w ere  n o t 
s te r i l i s e d .  C are  h ad  to  b e  ta k e n  n o t to  p a c k  th e  f i l te r  too t ig h t ly  as  
co n d e n sa tio n  on th e  f i l te r  h a d  to  b e  av o id ed  so as  n o t to  c re a te  d if f ic u ltie s  
in  d ra w in g  up  ex ac t q u a n tit ie s  of m a te ria l in to  th e  p ip e t te .  C o n d e n sa tio n  
can  b e  m inim ised b y  u s in g  b ro w n  p a p e r  in p re fe re n c e  to alum inium  foil to  
w rap  u te n s i ls  fo r au to c la v in g .
0 .5  ml of th e  rad io lab e lled  ch lo rp ro p h am  so lu tion  w as in c o rp o ra te d  
in to  d u p lic a te  f la sk s  of ae ro b ic  an d  a n ae ro b ic  c u l tu r e s .  0 .5  ml of a c e to n e  
w as a d d e d  to  a f u r th e r  fo u r f la s k s  (2 a e ro b ic , 2 an ae ro b ic ) a n d  2 .5  mg of 
u n la b e lle d  ch lo rp ro p h am  in  0 .5  ml of ace to n e  w as a d d e d  to  d u p lic a te  f la s k s  
of a e ro b ic  an d  an ae ro b ic  c u l tu r e s .  T he  tw elve  f la sk s  w ere  p la c e d  on an  
o rb i ta l  s h a k e r  (G allenkam p) fo r  40 h o u r s .  T h e  s h a k e r  w as r u n  a t  90 RPM 
an d  a te m p e ra tu re  of 22°C.
I l l
6 .3 .2  E x tra c tio n  of th e  C u ltu re  Medium
A fte r  a g ro w th  p e rio d  of 40 h o u r s ,  g la ss  s to p p e r s  w ere  u s e d  to  
re p la c e  th e  p o ly u re th a n e  p ack e d  a ir  c o n d e n s e r s ,  w hich w ere  th e n  se a le d  
w ith  "Parafilm " a t  th e  top  a n d  a 50 ml ro u n d  bottom  (R B ) f la sk  a t th e  b a s e .  
T h e s e  t r a p s  w ere  e x tra c te d  some tim e la te r  b y  p lac in g  on a B 24 Q u ick fit 
co n ica l f la s k  w ith  su c tio n  side  arm an d  p u llin g  th ro u g h  100 ml of m ethano l 
w h ich  w as r u n  down to  le s s  th a n  5 ml a n d  q u a n t ita t iv e ly  t r a n s f e r r e d  w ith  
th e  a id  of m ethanol w ash in g s  to  a 5 ml v o lu m etric  f la sk . T he  a c t iv ity  of 
th r e e  lo ts  of 1 ml w as d e te rm in e d  b y  p la c in g  in 15 ml of Dimilume (P a c k a rd  
In s t ru m e n ts  I n c . )  a n d  co u n tin g  on a P h illip s  Model PW 4510 liq u id  
sc in tilla tio n  c o u n te r  (LSC) fo r th e  u su a l p e r io d  of 20 m in u te s .
O ccasio n a lly  v e ry  s h o r t  co u n tin g  tim es w ere  u s e d  to  o b ta in  some id ea  of 
th e  a c t iv i ty  in  sam ples p r io r  to  th e  b a tc h  b e in g  c o u n te d  fo r  th e  fu ll 20 
m in u te s . T he q u a n ti ty  of ch lo rp ro p h am  re ta in e d  b y  th e  p o ly u re th a n e  t r a p  
is  show n in  T ab le  6A.
T h re e  0. 5g a liq u o ts  of c u l tu re  m edium w ere  rem o v ed  a n d  p la c e d  
in  a LSC vial c o n ta in in g  1 ml of m ethanol th e n  13 ml of Dimilume s c in till­
a tio n  f lu id  an d  1 ml of S oluene 350 (P a c k a rd  In s tru m e n ts  I n c . )  so lu b ilis e r  
w as a d d e d .  S o luene is a so lu tion  of a 0.5N q u a te rn a ry  ammonium h y d ro x id e  
in  to lu e n e  w hich  is  a d d e d  to th e  x y le n e  b a s e d  Dimilume in  o rd e r  to  m ain ta in  
a q u e o u s  sam ples in  so lu tio n . T he a c t iv i ty  w as th e n  d e te rm in e d  on th e  
LSC a n d  th is  f ig u re  a p p e a rs  in T ab le  6A a n d  r e p r e s e n t s  th e  to ta l a c t iv i ty  
p r e s e n t  in  th e  f la sk .
T he an ilin e  co n c e n tra tio n  in  th e  ace to n e  c o n tro ls  an d  th e  f la s k s  
c o n ta in in g  u n la b e lle d  ch lo rp ro p h am  w as d e te rm in e d  u s in g  th e  B ra t to n -  
M arsh a ll p ro c e d u re ,  a s  d e sc r ib e d  b y  B ro c k le sb y  an d  M oggleton (1973 ).
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T h is  in v o lv e d  ta k in g  2g a liq u o ts  d ire c tly  from th e  medium of th e  f la s k s  a n d  
a d d in g  to  a bo iling  tu b e  co n ta in in g  0 .5  ml of 6N H C £. 0 .5  ml of a 0.5% sodium  
n i t r i t e  so lu tio n  w as a d d ed  an d  le f t to  s ta n d  fo r 10 m in u tes  w ith  o ccasio n a l 
s w ir lin g . 0 .5  ml of a 5% ammonium su lp h am ate  so lu tio n  w as th e n  a d d e d  to  
rem ove th e  e x c e ss  n i t r i te  r e a g e n t .  10 m in u tes  la te r  0 .5  ml of a 0.2% 
so lu tio n  of N -( 1 -n a p h th y l)e th y le n e  diam ine d ih y d ro c h lo r id e  w as a d d e d  to 
co u p le  w ith  an y  diazonium  sa lts  th a t  w ere  p ro d u c e d  b y  th e  re a c tio n  of th e  
n i t r i t e  w ith  an y  arom atic  am ines w hich  w ere  p r e s e n t  in th e  c u l tu re  m edium . 
U sin g  th is  m ethod , c o n c e n tra tio n s  as  low as  th e  e q u iv a le n t of 0 .1  \ig 
3 -ch lo ro a n ilin e  in 1 ml of c u ltu re  medium cou ld  b e  d e te rm in e d . No an ilin e  
w as fo u n d  in an y  of th e  c u l tu re  m edia a n a ly se d .
60 ml of m ethanol was a d d e d  on a f r e s h  w e ig h t b a s is  to  all th e  
f la s k s ,  w hich  h a d  b e e n  p re v io u s ly  w e ig h ed . T h is  e f fe c tiv e ly  k il le d  o ff 
th e  c u l tu r e s  an d  p r e v e n te d  o th e r  m ic ro -o rg an ism s from  co lon is ing  th e  f la s k .  
T h e  c u l tu r e  m edia w ere  th e n  e x tra c te d  u s in g  th e  same m odified B lig h /D y e r  
s o lv e n t sy stem  of S till an d  M ansager (1973a), o u tlin e d  in Section  6 .2 .
T h is  in v o lv ed  t r a n s f e r r in g  th e  c o n te n ts  of th e  c u l tu re  f la sk  to a IL 
s e p a ra t in g  fu n n e l a n d  th e  b a lan ce  of th e  m ethanol r e q u ir e d  fo r  th e  e x t r a c t ­
ion of th e  know n volum e of c u l tu re  m a te ria l w as c a lc u la te d  an d  a d d e d  to  
th e  s e p a ra t in g  fu n n e l v ia th e  c u l tu re  f la sk  to  w ash  o u t th e  re m a in d e r  of 
th e  c u l tu r e  m edium . T he  re q u ire d  w e ig h t of ch lo ro fo rm  w as a d d e d  in 
s ta g e s  to  th e  s e p a ra t in g  fu n n e l, ag a in  v ia  th e  c u l tu re  f la s k s .  T o w ard s  
th e  e n d  of th e  s e r ie s  of ch loroform  a d d itio n s , th e  two p h a s e s  co u ld  b e  seen  
to  s e p a ra te .  E x p e rie n c e  d e te rm in ed  w h e th e r  i t  w as b e s t  to  ad d  all th e  
ch lo ro fo rm . Som etim es th e  la s t  few ml w ere  n o t a d d e d  to  th e  s e p a ra t in g  
fu n n e l s in ce  r a p id  s e p a ra tio n  of th e  p h a s e s  o c c u r re d  w ith o u t th i s ,  b u t
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o ccasio n a lly  a f u r th e r  2-3 ml of ch lo roform  o v e r a n d  above th e  a l lo tte d  
q u a n t i ty  h ad  to  b e  a d d ed  to  sp eed  th e  s e p a ra tio n .
T h e  ch lo roform  la y e r  was d raw n  off in to  an  RB f la sk  a n d  
r e d u c e d  to  2-3 ml on a ro ta r y  e v a p o ra to r  a t r e d u c e d  p r e s s u r e  an d  a t  a 
te m p e ra tu re  n o t ex ceed in g  35°C. No d ry in g  of th e  ch lo roform  w as 
n e c e s s a r y .  T h is  2-3 ml was th e n  q u a n tita t iv e ly  t r a n s f e r r e d  w ith  th e  a id  
of ch lo ro fo rm  w ash in g s  to  a 10 ml v o lum etric  f la sk . T he aq u eo u s  p h a s e  
w as d raw n  off a n d  10-20 ml of m ethanol w as w ash ed  down th ro u g h  th e  
s e p a ra t in g  fu n n e l to  rem ove tr a c e s  of rem ain in g  e x t r a c t  an d  b u lk e d  w ith  
th e  a q u e o u s  p h a s e .  A gain , r o ta r y  ev a p o ra tio n  w as u se d  to  re d u c e  th e  
volum e to  100 ml. T he ra d io a c tiv ity  p r e s e n t  in b o th  p h a se s  from  ra d io ­
la b e lle d  a n d  u n la b e lle d  c u l tu re s  was th e n  a s s e s s e d .  All a c tiv ity  
d e te rm in a tio n s  w ere  done in t r ip l ic a te .  0 .5  ml (b y  w eigh t) from  th e  10 ml 
ch lo ro fo rm  f la sk s  w as ad d ed  to 15 ml of Dimilume. 0 .5  ml (b y  w e ig h t) of 
th e  100 ml a q u e o u s  p h a se  was a d d e d  to  LSC v ia ls  c o n ta in in g  15 ml of 
D ililum e a n d  1 ml S o luene . T he a c tiv ity  in th e s e  v ia ls  w as th e n  d e te rm in e d . 
U n fo r tu n a te ly ,  th e  q u en ch in g  of th e  ch lo roform  e x t ra c t  of in o c u la te d  
f la s k s  w as s e v e re  a n d  cou ld  n o t b e  a c c o u n te d  fo r  so lely  b y  th e  q u e n c h in g  
ac tio n  of th e  ch lo ro fo rm . Due to  th e  h ig h  a c tiv ity  of th e se  sam p les , it  
w as p o ss ib le  to  re d u c e  th e  volum e of sam ple a d d e d  to  th e  LSC v ia ls .
When 25 nl of ch loroform  e x t ra c t  w as u s e d , th e  q u e n c h in g  w as well w ith in  
th e  c o rre c tio n  ra n g e  of th e  LSC. T he r e s u l t s  of th e  a c t iv ity  d e te rm in ­
a tio n s  a re  g iv en  in  T ab le  6A.
From  th e se  r e s u l t s  a n d , in  p a r t ic u la r ,  th e  B lig h /D y e r  d i s t r i ­
b u tio n  r a t io  of th e  rad io lab e l b e tw een  th e  p h a s e s ,  i t  w as in itia lly  th o u g h t  
th a t  some d ech lo rin a tio n  of th e  ch lo rp ro p h am  h a d  o c c u rre d  to  p ro d u c e
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p ro p  ham . To in v e s tig a te  th is  p o ss ib ili ty  b u t  also to  d e te rm in e  th e  
d is tr ib u t io n  of th e  rad io lab e l in th e  ch lo ro fo rm  e x t r a c t ,  25 p.1 a liq u o ts  of 
th e  ch lo ro fo rm  e x tra c t  w ere  ch ro m a to g ra p h e d  b y  h ig h  p r e s s u r e  liq u id  
c h ro m a to g ra p h y  u n d e r  co n d itio n s  g iv en  in S ection  4 .1 , w ith  th e  e lu a n t 
b e in g  co llec ted  in  LSC v ia ls . C ollection  of th e  e lu a n t a t  th e  re te n tio n  
tim e of p ro p  ham was also made along  w ith  f ra c tio n s  m aking up  th e  e n t i r e  
e lu a n t from  th e  ch ro m a to g rap h ic  r u n .  F ig u re  6 . II  show s a ch rom atog ram  
of a sam ple from th e  chloroform  of th e  f i r s t  B lig h /D y e r  s e p a ra tio n  of th e  
m edium . H ow ever, none  of th e  f ra c t io n s ,  o th e r  th a n  th e  ch lo rp ro p h a m  
p e a k ,  show ed a c tiv ity  g re a te r  th a n  th a t  of th e  b a c k g ro u n d  a n d  th e re fo re  
p ro p  ham was not a m etabo lite  of ch lo rp ro p h am  u n d e r  th e s e  c u l tu r e  
c o n d itio n s . A lth o u g h  th e re  was some re d u c tio n  in  sam ple a c t iv ity  
(s e e  T ab le  6A) a f te r  ch ro m a to g rap h in g  th e  ch lo ro fo rm  e x t r a c t  on th e  
h ig h  p r e s s u r e  liq u id  c h ro m a to g ra p h , th is  is  n o t lik e ly  to  b e  d u e  to  th e  
la b e l b e in g  p r e s e n t  in a p o la r  com pound re ta in e d  b y  th e  colum n since  
th is  w ould hav e  p a r t i t io n e d  in to  th e  p o la r  p h a s e  of th e  B lig h /D y e r  
s e p a ra t io n .
A seco n d  ch loroform  p a r t i t io n  of th e  100 ml of a q u e o u s  p h a se  
w as c a r r ie d  o u t a n d , a s  can  b e  seen  from  T ab le  6A, n e a r ly  all th e  a c t iv ity  
w as e x t r a c te d  in to  th e  ch loroform  p h a s e . T h is  w ould  s u b s ta n t ia te  th e  
co n c lu sio n  th a t  only  ch lo rp ro p h am  c o n ta in e d  th e  ra d io la b e l.
To com plete th e  E . c a ro to v o ra  s tu d y ,  two f la s k s ,  f i t te d  w ith  
th e  m odified  D re sc h n e l b o ttle  h e a d s , w ere  u s e d  to  c u l tu re  E. c a ro to v o ra  
on  a medium th a t  in c o rp o ra te d  ra d io la b e lle d  c h lo rp ro p h a m . No u n la b e lle d  
c h lo rp ro p h a m  o r ace tone  co n tro ls  w ere  c o n s id e re d  n e c e s s a ry .  T h e se  
c u l tu r e s  w ere s e t  up an d  e x tra c te d  in th e  same way a s  d e s c r ib e d  above
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fo r  th e  ae ro b ic  a n d  an ae ro b ic  label in c o rp o ra te d  c u l tu r e s ,  th e  on ly  
d if fe re n c e  b e in g  th a t  th e  f la sk s  w ere  f lu s h e d  w ith  n i t r o g e n ,  as  d e s c r ib e d  
in  S ec tio n  6 .2  ab o v e , an d  th e  p e r io d  allow ed fo r  g ro w th  w as e x te n d e d  
from  40 h o u rs  to  136 h o u rs  on acc o u n t of th e  fa c t th a t  n i t ro g e n  f lu s h in g  
of th e  c u l tu r e  f la sk s  re d u c e s  th e  g ro w th  r a te .
T he  f la sk s  w ere p laced  in  a G allenkam p o rb ita l  s h a k e r  b u t  th e  
o v e ra ll h e ig h t  of th e  f la sk s  d id  n o t allow th e  lid  to  b e  c lo se d . T he  s h a k e r  
s e t t in g s  w ere  th e  same b u t  fine co n tro l of th e  te m p e ra tu re  cou ld  n o t b e  
e x p e c te d .  A lth o u g h  th e  room te m p e ra tu re  w as th e rm o s ta tic a lly  c o n tro lle d , 
th e  te m p e ra tu re  f lu c tu a te d  betw een  20-24°C .
A niline a n a ly s is  was c a r r ie d  o u t u s in g  th e  sam e p ro c e d u re  a s  
th a t  u s e d  fo r th e  u n la b e lle d  ch lo rp ro p h am  in c o rp o ra te d  m edium . A s w as 
th e  ca se  in  th e  ae ro b ic  an d  g lass  s to p p e re d  a n ae ro b ic  f la s k s ,  none  w as 
d e te c te d  a t th e  en d  of th e  136 h o u r g ro w th  p e r io d . T he  c u l tu re s  w ere  
e x t r a c te d  a n d  th e  ra d io a c tiv ity  d e te rm in e d  in th e  sam e w ay as th e  g la ss  
s to p p e re d  f la s k s  above and  th e  r e s u l t s  a re  g iven  in  T ab le  6B .
T h e se  r e s u l t s  a re  e s se n tia lly  th e  same a s  th e  o th e r  two g ro w th  
co n d itio n  tre a tm e n ts  an d  show  th a t  in p u r e  c u l tu r e s ,  E rw in ia  c a ro to v o ra  
v a r .  a t ro s e p t ic a  does n o t m etabolise  c h lo rp ro p h a m  to  an y  p e rc e iv a b le  
e x te n t .  T he s ig n ifican ce  an d  re le v a n c e  of th e  r e s u l t s  o b ta in e d  from  th e  
E . c a ro to v o ra  m etabolism  s tu d ie s  a re  d is c u s s e d  m ore fu lly  in  C h a p te r  9.
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F ig u re  6 .1 . R ela tiv e  cell " c o n c e n tra tio n "  of E rw in ia  c a ro to v a ra  
v a r .  a tro s e p t ic a  ce lls  v e r s u s  op tica l d e n s i ty .
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R ela tiv e  Cell "C o n cen tra tio n "
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F ig u re  6 . I I ,  HPLC chrom atogram  o f ch lo ro fo rm  p h a s e  of th e  B lig h /D y e r  
s e p a ra t io n  of E rw inia c a ro to v o ra  v a r .  a t ro s e p t ic a  c u l tu re  
m edium . Normal p h a se  colum n ( H yp e r s i l ) .
F o r fu ll d e ta ils  of c h ro m a to g ra p h ic  co n d itio n s  see  S ec tio n  4 ,1 ,




METABOLISM OF CHLORPROPHAM BY 
POLYSCYTALUM PUSTULANS (SKIN SPOT)
7 .1  INTRODUCTION
D u rin g  th e  long  te rm  s to ra g e  of p o ta to e s  d isease  le v e ls  h a v e  
to  b e  c a re fu lly  m on ito red . T he  s p re a d  of some d ise a se s  is  r a p id  a n d  can  
le a d  to  to ta l d e s tru c tio n  of th e  s to re d  c r o p .
D u rin g  th e  s to ra g e  of p o ta to e s  d e te r io ra tio n  of th e  t u b e r s  can  
ta k e  m any fo rm s. B a c te ria l so f t r o ts  can  cau se  r a p id  d e s tru c t io n  of 
p o ta to e s . T he sp e e d  a t w hich  r o ts  develop  a n d  s p re a d  r e q u ir e s  s to re  
m a n a g e rs  to  b e  a le r t  w hen co n d itio n s  th a t  a re  fa v o u re d  b y  th e  c a u sa l a g e n t 
a re  m a in ta in ed  in  th e  s to re  fo r  s ig n if ic a n t p e r io d s  of tim e. T h e  p r e s e n c e  
of b l ig h t  ( P h y to p h th o ra  in fe s ta n s )  in an d  on th e  tu b e r s  can  r e s u l t  in  a 
com plete  lo ss  of th e  s to re d  m ateria l d e sp ite  a slow developm en t a n d  s p r e a d  
r a te  a l th o u g h  m odern fie ld  ap p lied  fu n g ic id e s  h av e  all b u t  e lim in a ted  th is  
d is e a se  in  tu b e r s .
D e te rio ra tio n  of a s to re d  c ro p  is  n o t co n fin e d  to  com plete  lo ss  
of in d iv id u a l o r  ev en  p o c k e ts  of tu b e r s .  In  th e  case  of p o ta to e s  u s e d  
b y  th e  p ro c e s s in g  in d u s tr y  fo r  h ig h  te m p e ra tu re  f ry in g ,  h ig h  c o n c e n tr a t ­
io n s  of re d u c in g  s u g a r s  in th e  tu b e r  w ould b e  c o n s id e re d  as  d e te r io ra t io n  
in  th e  q u a lity  of s to re d  s to c k s  s in ce  th is  r e s u l t s  in  a lo ss  of b r ig h tn e s s  
of th e  p ro d u c t  th ro u g h  b ro w n in g  re a c tio n s  w hich o c c u r d u r in g  th e  f ry in g  
p r o c e s s .  S u rfa c e  b lem ishes th a t  develop  a s  a r e s u l t  of m echan ical dam age
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o r  in s e c t  o r fu n g a l a t ta c k  o ften  cau se  econom ic lo ss  to th e  p ro c e s s o r  
th r o u g h  g re a te r  p ee lin g  lo sse s  an d  in c re a s e d  h a n d  trim m ing c o s ts .
Sk in  sp o t is  a d isease  w hich d ev e lo p s  on ly  slow ly on th e  s u r fa c e  
la y e r s  of s to re d  p o ta to e s  an d  u su a lly  is  of l i t t le  s ig n ifican ce  w hen th e  
n e c ro t ic  re g io n  rem ains  w ith in  1 mm of th e  s u r fa c e  of th e  tu b e r s .  H ow ever 
d eep  fo rm s of th e  d isea se  o ften  r e s u l t  in dam age to  th e  f le sh  of th e  tu b e r  
to  d e p th s  of up  to 5 mm a f te r  a p ro lo n g e d  s to ra g e  se a so n . T h e  d e v e lo p ­
m en t of th is  deep  form  h a s  b een  a sso c ia te d  w ith  ch lo rp ro p h am  a p p lic a tio n s  
a n d  some m echanism  of im paired  w ound h ea lin g  as a r e s u l t  of ch lo rp ro p h a m  
a p p lic a tio n  w ould a p p e a r  feasib le  (F re n c h , 1976) . Skin  sp o t is  c a u s e d  
b y  th e  fu n g u s  P o lyscy ta lum  p u s tu la n s . T h is  c h a p te r  d e s c r ib e s  w ork  done  
to  d e te rm in e  if ch lo rp ro p h am  is m e tabo lised  b y  th is  p o ta to  p a th o g e n .
7 .2 .1  P re lim in a ry  Work on th e  C u ltu re  of P o ly scy ta lu m  p u s tu la n s
In  o rd e r  fo r a s tu d y  on th e  m etabolism  of c h lo rp ro p h a m  b y  
P .  p u s tu la n s  to  p ro c e e d  th e  c u l tu re  c o n d itio n s  sh o u ld  s a tis fy  th e  same 
c r i t e r ia  a s  th o se  in th e  case  of E . c a ro to v o ra . T he medium sh o u ld  c o n ta in  
c h lo rp ro p h a m  a t a h ig h  c o n c e n tra tio n . T he  ad d itio n  of th e  ra d io la b e l 
to  th e  medium m ust b e  s tr a ig h tfo rw a rd  an d  w ith o u t lo ss  a n d  th e  e x t r a c t ­
ion of th e  ch lo rp ro p h am  as  well as an y  m etab o lites  sh o u ld  b e  com ple te .
In itia lly  th e  g ro w th  of P . p u s tu la n s  on p la te d  medium c o n ta in in g  
v a r io u s  ch lo rp ro p h a m  c o n c e n tra tio n s  was o b s e rv e d .  T he medium 
c o n s is te d  of 2% malt e x t r a c t  (O xoid , B a s in g s to k e , E n g lan d ) a n d  0.8% a g a r  
(N o. 3, O xoid) . C h lo rp ro p h am  in ace to n e  w as a d d e d  to  th e  h o t m edium 
p r io r  to  th e  p o u r in g  of th e  p la te s .  D iscs of inoculum  w ere ta k e n  from  a 
c o n c e n tr ic  r in g  of a P . p u s tu la n s  c u l tu re  g row n  on p la te d  m edium .
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T h e  a s s e s sm e n t of g ro w th  w as on ly  com plica ted  b y  th e  fa c t th a t  
P . p u s tu la n s  does n o t alw ays grow  p e r fe c t ly  ra d ia lly  a n d  th a t  s p o ru la t io n  
of th e  fu n g u s  r e s u l t s  in th e  d ev elopm en t of o th e r  co lon ies in  th e  P e tr i  
d is h .  In  la rg e  c u l tu re s  s p o ru la tio n  is  o fte n  a d v a n ta g e o u s  as  i t  allow s 
m ore r a p id  m ycelial developm ent th a n  g ro w th  w hich  on ly  em anates from  
th e  p o in t of in o cu la tio n .
To o b ta in  liq u id  g ro w th  m edium m ere ly  in v o lv ed  th e  om ission 
of th e  a g a r  c o n s ti tu e n t  of th e  p la te  medium a n d  th is  allow ed c h lo rp ro p h a m  
to  b e  a d d e d  to  cool medium th e re b y  le s s e n in g  th e  co n c e rn  o v e r h a v in g  to  
a d d  ra d io la b e lle d  ch lo rp ro p h am  to  warm m edium . L iq u id  medium w as 
p o u re d  in to  P e tr i  d ish e s  to  a d e p th  of 3-4 mm, a n d  th e  inoculum  u s e d  fo r  
th e s e  d is h e s  w as d raw n  from  a deep  p la te  c u l tu re  so th a t  th e  inoculum  
w ould s ta n d  above th e  liq u id  medium s u r f a c e ,  a t  le a s t  in itia lly . T h e  
su b m e rg in g  of th e  inoculum  h o w ev er h a d  li t t le  e f fe c t on s u b s e q u e n t 
g ro w th . When th e  inoculum  d isc  d id  n o t rem ain  in th e  c e n tre  of th e  
P e t r i  d is h  p ro b lem s in es tim a tin g  g ro w th  r e s u l t e d .
T he  g row th  of P , p u s tu la n s  in  b o th  liq u id  a n d  gel m edium w as 
sim ila r fo r  e q u iv a le n t t r e a tm e n ts .  In  th e  case  of c h lo rp ro p h a m  in c o rp o r ­
a te d  m edium a t th e  c o n c e n tra tio n  of 25 u g /m l b o th  s e ts  of c u l tu re s  show ed  
a d e c re a se  in  g ro w th  r a te  of ju s t  u n d e r  30% in co m parison  to  ace to n e  
c o n tro ls .  T he  c u l tu re s  g rew  slow ly w ith  c o n tro l tre a tm e n t ta k in g  20 d a y s  
a t  a te m p e ra tu re  of I5°C  to ach iev e  a 75 mm d ia m ete r m ycelium . T he  
m ycelium  in  th e  liq u id  c u l tu re s  w as of v a r ia b le  d e p th  w ith  some a re a s  
g ro w in g  on ly  on th e  su rfa c e  of th e  medium a n d  o th e r  a re a s  w h e re  g ro w th  
e x te n d e d  to a d e p th  of 3-4  mm as  well a s  a la y e r  ab o v e  th e  s u r fa c e  of th e  
medium w ith  th e  g re a te r  am ount of g ro w th  seem ing  to  h av e  o c c u r r e d  a s
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a r e s u l t  of th e  medium flood ing  o v er th e  m ycelium  w hen th e  P e tr i  d ish e s  
w ere  d is tu r b e d  in  th e  in c u b a to r . T h is  " re in o cu la tio n "  is  a w idely  u s e d  
te c h n iq u e  a n d  was u se d  w ith  la rg e  sca le  fu n g a l c u l tu r e s  to  o b ta in  g r e a te r  
am o u n ts  of m ycelial g ro w th  p e r  f la s k . R eco lon isa tion  of th e  su r fa c e  la y e r s  
w as m ore r a p id  a f te r  re in o c u la tio n  th a n  th e  in itia l in o c u la tio n , p re su m a b ly  
d u e  to  th e  la rg e r  inoculum  p r e s e n t .
F o r la rg e  scale  c u l tu re s  two l i t r e  R oux  b o tt le s  w ere  u s e d .
T h e se  a re  sim ilar to  v e ry  la rg e  m edicine b o tt le s  w ith  th e  n eck  d isp la c e d  
to  one s id e  so th a t  th e y  cou ld  be  s to re d  f la t  w ith o u t th e  medium sp illin g  
o u t .  T h e  n e c k s  w ere  s to p p e re d  w ith  a c h e e se c lo th  an d  co tto n  wool w ra p p e d  
p ie ce  of g la ss  tu b in g  an d  th e re fo re  d id  n o t allow th e  p o ly u re th a n e  t r a p s  
from  th e  E . c a ro to v o ra  ex p erim en t to  b e  u s e d .  Some lo ss  of ra d io la b e lle d  
ch lo rp ro p h a m  was e x p e c te d  b u t  th e se  c u l tu r e s  h a d  to  be  g row n in  th e  
M ycology D ep a rtm en t "w alk -in" g ro w th  room w hich  h ad  a v e n tila tio n  sy s tem  
th a t  e x h a u s te d  d ire c tly  to  th e  o u ts id e  of th e  b u ild in g . E x p e rie n c e  h a d  
show n h o w ev er th a t  th e  ch lo rp ro p h am  lo s se s  w ould  n o t b e  g re a t  a n d  th e  
low sp e c if ic  a c tiv ity  of th e  ava ilab le  c a r b o n - 14 la b e lle d  c h lo rp ro p h a m  w ould  
r e s u l t  in on ly  re la tiv e ly  low to ta l am ounts of ra d io a c tiv ity  in  th e  c u l tu r e  
f l a s k s ,
7 .3 .1  L a rg e  Scale C u ltu re s  of P . p u s tu la n s  u s in g  U nlabelled  
C h lo rp ro p h am
F o u r 150 ml lo ts  of g row th  medium c o n ta in in g  2% m alt e x t r a c t  
w e re  p la c e d  in  two l i t r e  R oux b o tt le s  a n d  a u to c la v e d  fo r th e  s ta n d a r d  
tim e of 20 m in u tes  a t 121°C . 0 .5  ml of 7 m g/m l ch lo rp ro p h am  in  a c e to n e
w as a d d e d  to  each  f la s k . Two of th e  fo u r  R oux  b o tt le s  w ere  n o t in o c u la te d
124
a n d  th e s e  s e rv e d  as  c o n tro ls  to in d ic a te  th e  lik e ly  lo ss  of ch lo rp ro p h a m  
o v e r  th e  d u ra tio n  of th e  e x p e rim e n t. E ach  of th e  rem a in in g  tw o R oux 
b o tt le s  w ere  in o c u la te d . A 5 mm c o rk  b o r e r  th a t  h a d  b e e n  d ip p e d  in 
m e thano l a n d  flame s te r i l is e d  was u s e d  to  c u t  d isc s  from  a c o n c e n tr ic  r in g  
m id-w ay  b e tw ee n  th e  c e n tre  an d  th e  ed g e  of th e  P . p u s tu la n s  m ycelium  
g ro w in g  on deep  p la te d  medium. T h is  a re a  of th e  c u l tu re  w as u s e d  as  it  
w as th o u g h t  to  b e  m ore like ly  to b e  a t a g ro w th  s ta g e  in v o lv in g  s p o ru la t io n . 
B y  c u t t in g  th e  d isc s  o u t while th e  co rk  b o r e r  w as s til l  h o t m ean t th a t  th e  
d is c s  w ere  com plete ly  f re e d  from th e  s u r ro u n d in g  a g a r  a n d  th is  allow ed 
th e  d is c s  to  b e  l i f te d  o u t b y  p lac in g  a sca lp e l in to  th e  s id e  of th e  colum n 
of a g a r  a n d  lif t in g  f r e e .  F o u r d iscs  w ere  th e n  p la c e d  u p r ig h t  in  th e  R oux  
b o tt le  a n d  two of th e se  w ere p u sh e d  to  th e  f a r  e n d  of th e  c u l tu r e  f la sk  
w ith  a g la ss  r o d .  T h is  was an aw kw ard  a n d  le n g th y  in o c u la tio n  p ro c e d u re  
a n d  h a d  to  b e  u n d e r ta k e n  w ith  g re a t  c a re  to  avo id  con tam in a tio n  of th e  
c u l tu r e  f la s k .
A fte r  com pletion of th e  in o c u la tio n  a n d  in c o rp o ra tio n  of th e  
c h lo rp ro p h a m  in to  th e  m edium , th e  f la s k s  w ere  p la c e d  in  th e  g ro w th  room 
a t  15°C . A fte r  th r e e  w eeks th e  fu n g a l m ycelium  c o v e re d  th e  s u r fa c e  of 
th e  g ro w th  medium h a v in g  s p re a d  o u t from  th e  inoculum  d is c s  a n d  from  
o th e r  co lon ies a r is in g  e i th e r  from  sp o re s  o r  from  f ra g m e n ts  of d isc s  th a t  
h a d  d is lo d g e d  d u r in g  th e  inocu la tion  p ro c e d u re .
T he  f la s k s  w ere  re in o c u la te d  tw ice  d u r in g  th e  g ro w th  p e r io d  
b y  allow ing f r e s h  medium to  r u n  o v e r  th e  s u r fa c e  of th e  m ycelium . T h is  
r e s u l t e d  in th e  su b m erg in g  of a ro u n d  90% of th e  m ycelium . R eco lo n isa tio n  
o f th e  new ly  e x p o se d  s u r fa c e  was re la t iv e ly  r a p id .  A f te r  a to ta l  of 41 d a y s  
th e  c u l tu r e  m edia w ere  e x tra c te d .
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7 .3 . 2 .1  E x tra c tio n  P ro c e d u re
T he co tto n  wool s to p p e rs  w ere  rem o v ed  a n d  p la c e d  in  an  e ig h t 
o u n ce  sc rew  c a p p e d  ja r  to be  e x t r a c te d  a t a la te r  d a te  ( s e e  S ection  7, 3. 2. 3 
below ) . T he  c u l tu r e  medium to g e th e r  w ith  th e  mycelium  w hich  h a d  to  b e  
p u lle d  th ro u g h  th e  n eck  of th e  R oux  b o tt le  w ith  fo rc e p s  w as f i l te re d  
th r o u g h  a W hatman No. 1 f i l te r  p a p e r  in  a B u c h n e r  assem b ly  u n d e r  s l ig h t  
s u c t io n .
T he  f i l t r a te  in th e  B u c h n e r  w as w eig h ed  an d  d u p lic a te  tw o g ram  
sam ples of f i l t r a te  w ere  p laced  in  b o ilin g  tu b e s  p r io r  to th e  c a r ry in g  o u t 
of th e  B ra tto n -M a rsh a ll d e te rm in a tio n  fo r  an ilin e s  as  d e s c r ib e d  in  S ectio n  
6 .3 .2 .  of th e  E . c a ro to v o ra  s tu d y .
In  th e  case  of th e  e x tra c tio n  of th e  u n la b e lle d  m ateria l 
th e  e n t i r e  m ycelium  and  c u ltu re  medium w eig h t w as d e te rm in e d  a n d  a f te r  
d e d u c tio n  of an  a r b i t r a r y  one gram  ( fo r  th e  d ry  w e ig h t o f th e  m ycelium ) 
from  th e  to ta l ,  th e  volum e of w ate r co u ld  b e  o b ta in e d . T h e  m ycelium  a n d  
f i l te r  p a p e r  w ere  w ashed  w ith a volum e of m ethano l c o r re s p o n d in g  to  80% 
of th a t  r e q u ir e d  fo r  th e  B lig h /D y e r  s e p a ra t io n  w ith  th e  m ethanol b e in g  
f i r s t  u s e d  to  w ash  th e  c u ltu re  f la s k . T h e  f i l te r  p a p e r  a n d  m ycelium  w ere  
th e n  t r a n s f e r r e d  to  a S oxh let th im ble fo r  e x tra c tio n  ( s e e  S ection  7. 3. 2. 2 
b e lo w ) . T he f i l t r a te  was th e n  t r a n s f e r r e d  to  a IL s e p a ra t in g  fu n n e l a n d  
th e  re m a in d e r  of th e  m ethanol a d d e d . T h e  r e q u ir e d  volum e of ch lo ro fo rm  
w as a d d e d  in  s ta g e s  w ith sh ak in g  u n ti l  some s ig n s  of s e p a ra tio n  of th e  
p h a s e s  w as o b s e rv e d .  A dd itional ch lo ro fo rm  h a d  to  b e  a d d e d  to  s e p a ra te  
th e  p h a s e s  a n d  ev en  w ith  th is ,  s e p a ra t io n  w as slow . B y  n o t a c c u ra te ly  
d e te rm in in g  th e  am ount of w a te r w a sh e d  o u t of th e  m ycelium  b y  th e  m ethano l 
w a sh in g s  a n d  th a t  w hich  w as t r a n s f e r r e d  to  th e  S o x h le t th im ble a long  w ith
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th e  m ycelium , th e  ex ac t q u a n tit ie s  of ch lo ro fo rm  an d  m ethanol r e q u i r e d  
c o u ld  n o t b e  a c c u ra te ly  p r e d ic te d .
T he  ch loroform  w as r u n  off a n d  s in ce  it  d id  n o t r e q u i r e  d ry in g  
w as th e n  r e d u c e d  to  10 ml b y  r o ta r y  ev a p o ra tio n  u n d e r  r e d u c e d  p r e s s u r e  
a n d  a t  a te m p e ra tu re  n o t e x ce ed in g  35°C . T he  aq u eo u s  p h a se  w as r u n  
o ff a n d  a few ml of m ethanol w as u s e d  to  w ash  th e  s id e s  of th e  s e p a ra t in g  
fu n n e l an d  th is  was e v a p o ra te d  u n ti l  c o n d e n s a te  ce a se d  to  a p p e a r  on th e  
c o n d e n s e r  of th e  ro ta ry  e v a p o ra to r . T he  to ta l w eigh t was n o te d . T h re e  
lo ts  of 0 .5  g of th is  re s id u e  was th e n  t r a n s f e r r e d  to  liq u id  s c in tilla tio n  
c o u n te r  (LSC ) v ia ls  c o n ta in in g  12 ml of Dimilume an d  1 ml S o luene w hich  
w ere  th e n  c o u n te d . B o th  u n la b e lle d  c h lo rp ro p h a m  in c o rp o ra te d  m edium 
a n d  c a r b o n - 14 lab e lled  medium e x t r a c ts  w ere  c o u n te d . T he in c lu s io n  of 
e x t r a c t s  from  ra d io la b e i- fre e  medium a s s e s s e d  th e  b a c k g ro u n d  le v e l of 
ra d ia t io n  p ic k e d  up  b y  th e  LSC a n d  c h e c k e d  th a t  p h o sp h o re sc e n c e  o r 
ch em h u m in escen ce  was n o t c o n tr ib u tin g  to  th e  a c t iv ity  d e te c te d  b y  L SC . 
A f te r  th e  rem oval of th e  l ,5 g  fo r  ra d io a c tiv ity  d e te rm in a tio n  th e  re m a in d e r  
w as r e tu r n e d  to  th e  s e p a ra t in g  fu n n e l an d  th e  m ethano l an d  ch lo ro fo rm  
r e p le n is h e d .  A gain  th e  ch lo ro fo rm  w as d raw n  off a n d  re d u c e d  to  le s s  
th a n  10 ml b y  r o ta r y  ev a p o ra tio n  an d  t r a n s f e r r e d  q u a n t i ta t iv e ly  to  a 
10 ml v o lu m etric  f la s k . T he a q u e o u s  p h a se  w as also  ru n  down u n ti l  th e  
p o in t w h e re  no  c o n d e n sa te  fo rm ed  on th e  r o ta r y  e v a p o ra to r  c o n d e n s e r  
a n d  w as th e n  t r a n s f e r r e d  to  a p re w e ig h e d  v o lu m etric  f la sk  to  d e te rm in e  
th e  to ta l  am ount p r e s e n t .
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7 .3 .2 .2  S o x h le t E x tra c tio n
T he f i l te r  p a p e r  an d  mycelium  o r  a l te rn a t iv e ly  th e  f i l te r  p a p e r  
a n d  an y  p a r tic u la t^ m a te r ia l ( in  th e  case  of th e  u n in o c u la te d  f la sk s )  w as 
p la c e d  in  a cellu lose  30 mm x  80 mm S o x h le t th im b le  w hich  w as p lu g g e d  w ith  
c o tto n  wool. 100 ml of m ethanol w as th e n  a d d e d  a n d  th e  e x tra c tio n  w as 
c a r r ie d  o u t d u r in g  two 12 h o u r  p e r io d s .  Follow ing th is  p e r io d  th e  m e thano l 
th a t  w ould  d ra in  from  th e  th im ble to g e th e r  w ith  th a t  in  th e  low er r e f lu x  
f la s k  w as com bined  a n d  c o n c e n tra te d  to  10 ml on a r o ta r y  e v a p o ra to r .
70 ml of w a te r  was th e n  a d d e d  an d  a f u r th e r  12 h o u r  e x tra c tio n  was m ade. 
T h is  w as th e n  d ra in e d  an d  i ts  w eigh t n o te d .  T h e  S o x h le t th im ble w as 
p la c e d  in  an  e ig h t ounce  screw  c a p p e d  ja r  a n d  r e ta in e d .
7 .3 .2 o 3  E x tra c tio n  of C o tton  Wool a n d  C h e e se c lo th  S to p p e r
T h e  R oux b o tt le  s to p p e r  w as e x t r a c te d  w ith  100 ml of m ethano l 
u s in g  a con ica l f la sk  w ith  su c tio n  side  arm  a n d  a f i l te r  fu n n e l.  T he  g la ss  
tu b in g  in s e r t  w as h e ld  a g a in s t th e  b a se  of th e  fu n n e l an d  a b o u t 50 ml o f 
m eth an o l w as p u lle d  th ro u g h  th e  c o re . T h e  o u ts id e  of th e  tu b e ,  w hich  
w as w ra p p e d  in  ch e e se c lo th  a n d  a l i t t le  co tto n  w ool, h a d  m ethanol p o u re d  
a ro u n d  i t  a n d  th is  was allow ed to  d ra in  in to  th e  con ical f la s k . T h e  
m e thano l w as e v a p o ra te d  on a r o ta r y  e v a p o ra to r  a n d  t r a n s f e r r e d  q u a n t i­
ta t iv e ly  to  a 5 ml vo lu m etric  f la s k .
7 .3 .  2 .4  Q u an tifica tio n  of C h lo rp ro p h am  in  e a c h  F ra c tio n
T h e  main p u rp o s e  of th e  e x tra c tio n  of un labeU ed  cM orp roham  
from  th e  g ro w th  m edia w as to  ch ec k  o u t th e  e x tra c tio n  m ethod  a n d  to  
p ro v id e  some b a c k g ro u n d  in fo rm atio n  which would b e  o f u s e  w hen carbon-14
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la b e lle d  ch lo rp ro p h am  was u s e d . T h e  d e te rm in a tio n  of th e  c o n c e n tra tio n  
of ch lo rp ro p h a m  in  e x t r a c ts  w as p e rfo rm e d  u s in g  h ig h  p r e s s u r e  liq u id  
c h ro m a to g ra p h y . In  th e  case  of th e  ch lo ro fo rm  e x t ra c ts  a no rm al p h a s e  
H y p e rs il  column o p e ra te d  u n d e r  th e  c o n d itio n s  g iven  in S ec tio n  4 .2  w as 
u s e d .  R e v e rse  p h a se  c h ro m a to g ra p h y  u s in g  an ODS H y p e rs il colum n 
( fo r  c o n d itio n s  see Section  4 .2) w as c a r r ie d  o u t on sam ples of th e  m e th an o l 
a n d  m e th an o l/ w a te r  e x t r a c ts .
7. 3. 2. 5 R e su lts
T he an ilin e  d e te rm in a tio n  show ed  th a t  no an iline  co u ld  b e  
d e te c te d  in th e  f i l t r a te  of th e  c u l tu re  m edia.
T he q u a n tit ie s  of c h lo rp ro p h a m  a p p e a r in g  in  eac h  f ra c t io n  a f te r  
c o r re c t io n  fo r  th e  q u a n tit ie s  p re v io u s ly  rem o v ed  fo r a n a ly se s  a re  show n 
in  T ab le  7A ( i . e .  th e  f ig u re s  r e p r e s e n t  th e  to ta l am ount th a t  w ould  h a v e  
b e e n  p r e s e n t  h a d  no  su b  sam ples b e e n  rem o v ed  fo r  a n a ly s e s ) . T h e  f ig u r e s  
g iv e  th e  p e rc e n ta g e  of th e  to ta l w h ich  w as a d d e d  in to  th e  f la s k  w h ich  
a p p e a r s  in a p a r t ic u la r  f ra c t io n .
R eco v e rie s  from  th e  u n in o c u la te d  f la sk s  show  th a t  l i t t le  c o u ld  
h a v e  b e e n  lo s t from  th e  f la s k s .  In  th e  c a se  of th e  in o c u la te d  f la s k s  th e  
am oun t of ch lo rp ro p h am  lo s t a n d /o r  m e tab o lised  a n d /o r  u n e x t r a c te d  is  
s ig n if ic a n t .  T he  m ethanol S o x h le t e x tra c tio n  rem oved  s ig n if ic a n t 
q u a n t i t ie s  of ch lo rp ro p h a m  from  th e  m ycelium  b u t  w hen w a te r / m ethano l 
w as u s e d  as th e  e x tra c tin g  so lv e n t v e ry  l i t t le  ad d itio n a l c h lo rp ro p h a m  w as 
e x t r a c te d .
T he d is tr ib u tio n  of c h lo rp ro p h a m  be tw een  th e  o rg a n ic  a n d  
a q u e o u s  p h a se s  in th e  B lig h /D y e r  s e p a ra t io n  in th e  in o c u la te d  tre a tm e n ts
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w as n o t as  e x p e c te d . T h is  was p ro b a b ly  d u e  to  th e  d iff ic u lty  in  d e te rm in ­
in g  th e  c o r r e c t  am ounts of w a te r p r e s e n t  in  th e  m ycelium . T h e se  r e s u l t s  
a lso  h ig h l ig h t  th e  p rob lem s w hich  a r is e  in  th e  a b sen ce  of a lab e l w hen  it  
is  d if f ic u lt  to  know  w h e th e r  th e  low re c o v e ry  of ch lo rp ro p h am  is  d u e  to  
m etabo lism , lo ss  from  th e  f la s k , o r low e x tra c tio n  e ff ic ien cy .
7. 4 M etabolism  of C a rb o n -14 L ab e lled  C h lo rp ro p h am  b y  P o ly scy ta lu m  
p u s tu la n s
T he rad io lab e lled  ch lo rp ro p h a m  was p r e p a r e d  as d e s c r ib e d  in  
S ec tio n  5 .3 . 2 ml of th e  c ru d e  re a c tio n  m ix tu re  w as p u r if ie d  to  g ive
7 .0  u g /m l ch lo rp ro p h am  in 4 .9  ml of a c e to n e . 0 .5  ml a liq u o ts  of th e  
ac e to n e  so lu tio n  was ad d ed  to  fo u r  R oux  f la s k s  c o n ta in in g  medium p r e p a r e d  
a n d  s te r i l i s e d  as  d e s c r ib e d  in S ection  7 .3 .1 .  Two of th e  fo u r  f la sk s  
rem a in ed  u n in o c u la te d  w hile th e  rem a in in g  two w ere  in o c u la te d  u s in g  th e  
p ro c e d u re  d e s c r ib e d  in Section  7 .3 .1 .
All th e  c u ltu re  f la s k s  w ere  p la c e d  in  a w a lk -in  g ro w th  room  in  
th e  M ycology D ep artm en t w hich  w as m a in ta in ed  a t a te m p e ra tu re  of 15°C . 
R e in o cu la tio n  was c a r r ie d  o u t a f te r  23 d a y s  b y  w hich  tim e th e  fu n g u s  h a d  
com ple te ly  co lon ised  th e  e n t ire  su r fa c e  of th e  m edium . A fte r  su b m e rg in g  
th e  m ycelium  b y  tip p in g  th e  c u l tu re  f la s k s  to  b r in g  th e  medium to  th e  
s u r f a c e ,  g ro w th  w as allow ed to  c o n tin u e  fo r  a f u r th e r  9 d ay s  w hen  th e  
re in o c u la tio n  p ro c e d u re  was r e p e a te d .  A f te r  a to ta l of 44 d ay s  th e  c u l tu r e  
w as e x t r a c te d  u s in g  th e  m ethods g iv en  in  S ectio n  7 .3 .2 .  D ev ia tio n s  from  
th is  m eth o d  w ere  th a t  no sam ples w ere  rem o v ed  fo r an iline  a n a ly s is  b u t  
liq u id  sc in tilla tio n  c o u n te r  (LSC ) sam ples w ere  ta k e n  (ag a in  on a w e ig h t
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b a s is )  from  th e  medium f i l tr a te  b e fo re  a n d  a f te r  w ash in g  of th e  f i l te r  p a d  
w ith  m eth an o l. In  th e  case  of ra d io lab e lled  sam ples th e  f i r s t  a n a ly se s  
w ere  th o s e  of a c tiv ity  d e te rm in a tio n  while id e n tif ic a tio n  of th e  com pound 
in  w h ich  th e  lab e l a p p e a re d  was c a r r ie d  o u t la te r .
LSC sam ples w ere p re p a re d  in  th e  norm al m anner w ith  0 .1  ml 
to  0 .5  ml a liq u o ts  of ch lo roform  e x t r a c ts  b e in g  c o u n te d  in  12 ml of D im ilum e,
0 .5 .ml -  2 ml a liq u o ts  of m ethanol o r m e th an o l/ w a te r  e x t r a c ts  w ere  c o u n te d  
in  12 ml of Dimilume an d  1 ml of S o luene , Q u en ch in g  in  th e  ch loroform  
c o n ta in in g  sam ples was n o t a s  s e v e re  as  w ith  th e  ch lo ro fo rm  e x t r a c ts  of
E . c a ro to v o ra  c u l tu re s  an d  co n se q u e n tly  la rg e r  sam ple s iz e s  cou ld  b e  u s e d .
T he a c tiv it ie s  of th e  e x tra c ts  w ere  d e te rm in e d  a t  th e  follow ing 
p o in ts  of th e  e x tra c tio n  p ro c e d u re :
1. T h e  m ethanol e x t r a c t  of th e  fla sk  s to p p e r
2. L iq u id  f i l t r a te  p r io r  to w ash ing  f il te r  p a d  w ith  m ethanol
3. L iq u id  f i l t r a te  a f te r  w ash ing  f il te r  p a d  w ith  m ethanol
4. C h lo ro fo rm  p h a se  of f i r s t  B lig h /D y e r s e p a ra t io n
5. M eth an o l/ w a te r  p h a se  of f i r s t  B lig h /D y e r  s e p a ra t io n
6. C h lo ro fo rm  p h a se  of second  B lig h /D y e r  s e p a ra tio n
7. M eth an o l/ w a te r  p h a se  of second  B lig h /D y e r  s e p a ra t io n
8. M ethanol S oxh le t e x tra c t
9. M eth an o l/ w a te r  S o x h le t e x t ra c t .
T he  r e s u l t s  show n in  T ab le 7B a re  th e  a c t iv it ie s  of th e  com plete  
e x t r a c t s  (a g a in  b e in g  c o r re c te d  fo r  an y  su b  sam ple w hich  h a d  p re v io u s ly  
b e e n  re m o v e d ) . T h e y  a re  e x p re s s e d  as  a p e rc e n ta g e  of th e  to ta l am oun t 
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7 m g/m l ace to n e  so lu tion  was a d d ed  to  each  f la s k .
T he  r e s u l t s  show  only  a sim ilar re c o v e ry  r a te  of th e  ra d io la b e l 
from  th e s e  c u l tu re s  as th e  ch lo rp ro p h am  re c o v e ry  r a te  o b ta in ed  w hen 
u n la b e lle d  ch lo rp ro p h am  was in c o rp o ra te d  in to  th e  m edium . T he on ly  p a r t  
of th e  c u l tu re  w hich  h ad  n o t b een  a s s e s s e d  in  th e  case  of th e  u n la b e lle d  
c u l tu r e s  w as th e  u n e x tra c te d  p o rtio n  th a t  may h av e  rem ain ed  in th e  m ycelium . 
In  o r d e r  to  o b ta in  some idea  of th e  ra d io a c tiv i ty  rem ain in g  in th e  m ycelium  
of th e  c a r b o n - 14 lab e lle d  c u l tu re s ,  p ie c e s  of th e  mycelium  v isu a lly  
ap p ro x im a tin g  to  5% of th e  to ta l mycelium  w ere  p la c e d  in an  LSC v ia l 
c o n ta in in g  14 ml Dimilume an d  1 ml S o luene a n d  c o u n te d . While i t  w as 
a p p re c ia te d  th a t  th e  r e s u l t s  o b ta in ed  from  su c h  a co u n t w ould b e  of l i t t le  
q u a n t i ta t iv e  v a lu e  due to  th e  poo r p h y s ic a l d is tr ib u t io n  of th e se  sam ples 
in  th e  LSC v ia l, th e  o p p o r tu n ity  w as n e v e r th e le s s  ta k e n  to  a s s e s s  th e  
r e s id u a l  a c tiv ity  in th e  m ycelium . T he r e s u l t s  show  on ly  small q u a n t i t ie s  
of a c t iv i ty  w ere  d isp la y e d  b y  m ycelium  sam p les .
T h e  chlo roform  e x t r a c ts  w ere  c h ro m a to g ra p h e d  on th e  h ig h  
p r e s s u r e  liq u id  c h ro m a to g rap h  e q u ip p e d  w ith  a norm al p h a se  H y p e rs il 
colum n ( fo r  co n d itio n s  see  Section  4 .1 ) w ith  th e  colum n e lu a n t b e in g  
f r a c t io n a te d  p r io r  to  a c tiv ity  d e te rm in a tio n  b y  LSC . F ig u re  71 is  a 
c h ro m a to g ra p h  of th e  ch loroform  p h a se  e x t r a c t  of a f i r s t  B lig h /D y e r  
e x tra c tio n  of medium f i l tr a te  from an  in o c u la te d  f la s k .
No ra d io a c tiv ity  above b a c k g ro u n d  le v e ls  w ere  d e te c te d  in  an y  
e lu a n t f ra c t io n  o th e r  th a n  th e  ch lo rp ro p h a m  p e a k . T h e re  was h o w ev er 
a  4-5% lo s s  in a c tiv ity  from  th e  sam ple a f te r  c h ro m a to g ra p h y  a n d  co llec tio n  
of th e  ch lo rp ro p h am  p e a k . T h is  w as th e  lo s s  o v e r an d  above th e  0.9% 
lo s s  a s so c ia te d  w ith  colum ns p a c k e d  w ith  H y p e rs il ( s e e  Section  4 .3 ) .  I t
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is  u n lik e ly  th a t  a com pound w hich  w ould b e  r e ta in e d  b y  th e  colum n o r h a v e  
a v e ry  long  re te n tio n  time ( i . e .  a p o la r  com pound) w ould a p p e a r  in  th e  
ch lo ro fo rm  p h a se  since  it  is  m ore lik e ly  to p a r t i t io n  in to  th e  a q u e o u s  p h a s e .
T he  m ethanol S oxh le t e x t r a c ts  w ere  also c h ro m a to g ra p h e d  a n d  
th e  e lu e n t f ra c t io n a te d  b y  th e  h ig h  p r e s s u r e  liq u id  c h ro m a to g ra p h y  u s in g  
a r e v e r s e  p h a se  sy stem  em ploying an  ODS H y p e rs il column o p e ra te d  u n d e r  
co n d itio n s  g iven  in S ection  4 .1 . F ig u re  711 is  a ch ro m a to g ra p h  of a 
m ethano l S oxh le t e x tra c tio n  of a P . p u s tu la n s  c u l tu r e .  A gain  th e  on ly  
fra c t io n  d isp la y in g  a c tiv ity  was th a t  of th e  ch lo rp ro p h am  p e a k  a n d  some 
lo ss  in a c tiv ity  of th e  sam ple w as o b s e rv e d . T h is  a v e ra g e  lo ss  in  a c tiv ity  
w as 2.7% above  th e  2.5% of ap p lie d  ch lo rp ro p h a m  w hich  is n o t u su a lly  
re c o v e ra b le  from  an  ODS column (s e e  S ection  4 .3 ) .  T h is  u n re c o v e re d  
rad io lab^ l w as n o t th o u g h t to  r e p r e s e n t  an  u n id e n tif ie d  m etabo lite  s in ce  
th e  o rd e r  of e lu tion  on a r e v e r s e  p h a se  colum n is th a t  of d e c re a s in g  
p o la r i ty  a n d  th e re fo re  m etabo lites  w ith  s h o r t  re te n tio n  tim es w ould  b e  m ore 
lik e ly  r a th e r  th a n  fu lly  re ta in e d  m e tab o lite s .
T he  low re c o v e ry  of th e  ra d io la b e l from  th e  c u l tu re  f la s k s  is 
low er th a n  w ould h av e  b e e n  e x p e c te d . L oss of in ta c t  c h lo rp ro p h a m  th ro u g h  
v o la tilisa tio n  is u n lik e ly  in view  of th e  low lo s se s  r e c o rd e d  b y  th e  u n in o c u l­
a te d  f la s k s .  L o sses  of th e  c a r b o n - 14 iso to p e  as  ra d io la b e lle d  c a rb o n  
d io x id e  is  p o ss ib le  an d  tr a p p in g  of th e  c a rb o n  d iox ide  from  th e  c u l tu r e  
f la s k  w ould h av e  b een  u se fu l in con firm in g  o r  e lim inating  th is  p o s s ib il i ty .  
L oss o f th e  lab e l d u r in g  S o x h le t e x tra c t io n s  w hen w a te r  was u s e d  a s  th e  
so lv e n t cou ld  h av e  b een  p o ss ib le  a t  th e  e le v a te d  te m p e ra tu re s  u s e d .
C leav ag e  of th e  ca rb am ate  lin k a g e  of th e  ch lo rp ro p h am  m olecule follow ed 
b y  lo ss  of th e  la b e lle d  p ro p a n -2 -o l th ro u g h  v o la tilisa tio n  o r  m etabolism  to 
c a rb o n  d iox ide  may h av e  o c c u r re d .  S u ch  a ro u te  of lo ss  w ould h o w ev er
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h a v e  to  e x is t  a lo n g sid e  ra p id  d e g ra d a tio n  o r occ lu sion  of th e  a n h in e  s in ce  
no an ilin e  w as d e te c te d  in th e  c u l tu re  medium w hen u n la b e lle d  ch lo rp ro p h a m  
w as u s e d .  T h e  low re c o v e ry  of th e  ra d io la b e l is  m ore lik e ly  to be  
a t t r ib u ta b le  to  th e  lab e l rem ain ing  in th e  m ycelium  e i th e r  a s  an in te g ra l  
p a r t  o r  lo c a te d  in  an  a re a  in a c c e ss ib le  to  e x tra c t in g  s o lv e n ts . T he 
P . p u s tu la n s  mycelium  c o n c e n tra te s  th e  ch lo rp ro p h a m  from  th e  medium as  
show n b y  th e  low c o n c e n tra tio n  of ch lo rp ro p h a m  le f t  in th e  m edium .
W ashing w ith  m ethano l how ever rem o v es m uch of th is  a n d  f u r th e r  e x t r a c t ­
ion w ith  m ethanol in S oxh le t rem oves ap p ro x im a te ly  th e  same am ount ag a in  
b u t  w h e th e r  th e  e x tra c tio n  was com plete i t  is  im possib le  to  say  w ith  an y  
d e g re e  of c e r ta in ty .  T he a c tiv ity  d e te rm in a tio n s  of p ie ces  of mycelium  
p ro d u c e d  v e ry  low c o u n ts  b u t  th is  m ethod  of c o u n tin g  can  b e  v e ry  in a c c u ra te  
(H o r ro c k s , 1974). With th e  b e n e f i t  of h in d s ig h t  it  w ould h av e  b e e n  m ore 
u s e fu l if an  a c c u ra te  to ta l a c tiv ity  d e te rm in a tio n  h a d  b een  c a r r ie d  o u t.
I f  th e  m ycelium  h a d  b een  com b u sted  th e  c a r b o n - 14 la b e lle d  c a rb o n  d io x id e  
a c t iv ity  cou ld  h av e  b een  a ssa y e d  w hen in  in tim a te  c o n ta c t w ith  sc in tilla tio n  
f lu id .  A lte rn a tiv e ly , d ry in g  an d  g r in d in g  of th e  m ycelium in to  a fin e  
p o w d er p r io r  to  d is p e rs in g  in a gel su sp e n s io n  sc in tilla tio n  cock ta il co u ld  
h a v e  p ro v id e d  m ore m ean ingfu l r e s u l t s .  I t  w as h o w ev er fe l t ,  a t th e  tim e, 
th a t  th e  p ro v is io n  of th e  n e c e s s a ry  eq u ip m en t a n d  th e  g a in in g  of th e  
e x p e r t is e  to  a c c u ra te ly  d e term in e  th e  to ta l a c tiv ity  in  th e  mycelium w ould  
p ro v e  too g re a t  a h u rd le  to overcom e m ere ly  to  com plete th e  "balance" 
a s p e c t  of th is  s tu d y .  P e rh a p s  m ore e x h a u s tiv e  e x tra c tio n  of th e  m ycelium  
w ould  h a v e  rem o v ed  m ore rad io lab e l a n d  m echanical f rag m e n ta tio n  of some 
s o r t  p r io r  to  th e  S o x h le t e x tra c tio n  may h a v e  fa c ilita te d  p e n e tra tio n  a n d  
rem oval of o cc lu d ed  ch lo rp ro p h am  b y  th e  so lv e n t. I t  is feas ib le  th a t  th e
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S o x h le t e x tra c tio n  on ly  rem oved  th e  ra d io la b e l from  a re a s  of m ycelium  close  
to  th e  su r fa c e  a n d  th is  w ould r e s u l t  in th e  a c tiv ity  of th e  sam ples b e in g  
g ro s s ly  u n d e re s tim a te d  since  on ly  c a r b o n - 14 on th e  su rfa c e  of th e  m ycelium  
w ould h a v e  b een  d e te c te d  b y  th e  L S C .
In  conclu sion  th e n  it  h a s  to  b e  sa id  th a t  no m e tab o lites  of 
c h lo rp ro p h a m  w ere  id e n tif ie d  w hich  w as also  th e  s itu a tio n  w ith  th e  
E . c a ro to v o ra  s tu d y .  H ow ever in  th e  E . c a ro to v o ra  s tu d y  w h ere  r e c o v e r ­
ie s  w ere  h ig h  it  w as p o ss ib le  to  s ta te  w ith  some c e r ta in ty  th a t  no 
m e tab o lite s  w ere  p ro d u c e d . In  th e  case  of th e  p u re  c u l tu re  of P o ly scy ta lu m  
p u s tu la n s  w ith  re c o v e rie s  n o t b e in g  a s  h ig h  i t  w as n o t p o ss ib le  to  m ake 
s u c h  a s ta te m e n t.
T he r e s u l t s  of th e  m etabolism  in v e s t ig a t io n s  a re  m ore fu lly  
d is c u s s e d  in C h a p te r  9.
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F ig u re  7 .1 . HPLC chrom atogram  of ch lo ro fo rm  p h a se  of th e  B lig h /D y e r  
se p a ra tio n  of P o ly scy ta lum  p u s tu la n s  c u l tu re  medium 
colum n: norm al p h a se  (H y p e rs i l) .
F o r ch ro m a to g rap h ic  c o n d itio n s  see  S ection  4.1 .




F ig u re  7 .I I .  HPLC chrom atogram  of m ethanol S o x h le t e x t r a c t  of 
P o ly scy ta lum  p u s tu la n s  m ycelium . Colum n r e v e r s e  
p h a se  O D S -H y p ersil. F o r c h ro m a to g rap h ic  co n d itio n s  
see  te x t  (S ec tio n  4 .1)..
C h lo rp ro p h am




METABOLISM OF CHLORPROPHAM BY PHOMA EXIGUA
VAR. FOVEATA
8 .1  INTRODUCTION
Phom a ex ig u a  v a r .  fo v ea ta  is th e  c a u sa l a g e n t of g a n g re n e , a 
d ise a se  of s to re d  p o ta to e s . T h is  d ise a se  te n d s  to  becom e e v id e n t w hen 
p o ta to e s  a re  s to re d  a t low te m p e ra tu re s .  W here r e d u c in g  s u g a r  
c o n c e n tra tio n  in th e  tu b e r s  is  of im p o rtan ce , th e  s to ra g e  c o n d itio n s  
in c lu d e  te m p e ra tu re s  w hich a re  well above  th o se  th a t  a re  a s so c ia te d  w ith  
th e  d ev e lo p m en t of th is  d ise a se . I t  th e re fo re  co u ld  b e  a rg u e d  th a t  
ch lo rp ro p h a m  w ould n o t alw ays b e  ap p lied  to p o ta to e s  s u f fe r in g  from  th is  
d ise a se  o r  in d e e d  like ly  to  develop  sym ptom s of th e  d isease  s in ce  th e  
m ajo rity  of th e  ch lo rp ro p h am  is  u s e d  on h ig h  te m p e ra tu re  s to re d  m a te ria l. 
T h is  is  u n lik e  th e  ca se s  of E . c a ro to v o ra  an d  P. p u s tu la n s  w hich  a re  
f r e q u e n t ly  p r e s e n t  in  s to re s  of p o ta to e s  b e  th e y  h ig h  te m p e ra tu re  o r  low 
te m p e ra tu re  s to r e s .
I t  was n e v e r th e le s s  fe lt th a t  a l th o u g h  P . ex ig u a  was n o t a 
common d ise a se  in  th e  s to re s  w hich u se  th e  m a jo rity  of th e  s p ro u t  
s u p p r e s s a n t  fo rm u la tio n s  of ch lo rp ro p h am  in  th is  c o u n try  i t  was w o rth y  of 
s tu d y  s in ce  i t  is  a s ig n if ic a n t p o ta to  s to ra g e  d is e a s e .
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8 .2  P re lim in a ry  Work on th e  C u ltu r in g  of Phoma ex ig u a  v a r . fo v e a ta
T h e  same ap p ro a c h  as th a t  u s e d  in  th e  P . p u s tu la n s  s tu d y  to 
d e te rm in e  th e  co n c e n tra tio n  of ch lo rp ro p h a m  th a t  th e  c u l tu re s  co u ld  
to le ra te  w ith o u t re d u c in g  th e  g ro w th  r a t e  too m uch was fo llow ed. U sing  
P e t r i  d ish e s  an d  a 2% malt e x t r a c t  medium it  was fo u n d  th a t  a 25 p g /m l 
c h lo rp ro p h a m  c o n c e n tra tio n  in th e  medium re d u c e d  th e  a v e ra g e  g ro w th  
r a te  b y  24% com pared  to ace tone  c o n tro ls .  T he  in c o rp o ra tio n  of ace to n e  
in to  th e  medium h ad  only  a m arg ina l e f fe c t on g ro w th  r a te s .
8 .3  L a rg e  Scale C u ltu re s  of P . ex ig u a  on Medium In c o rp o ra t in g  R ad io ­
la b e lle d  C h lo rp ropham
No la rg e  scale c u l tu re s  th a t  u ti l is e d  medium in c o rp o ra tin g  
u n la b e lle d  ch lo rp ro p h am  w ere  u s e d .
T h e  rad io lab e lled  m ateria l u s e d  in th e  P . ex ig u a  m etabolism  
s tu d y  w as from  th e  same b a tc h  as th a t  u s e d  in  th e  P . p u s tu la n s  s tu d y  
w hich was a 7 ng /m l ch lo rp ro p h am  in  ace to n e  so lu tio n . T he  p re p a ra t io n  
of m edia, in c o rp o ra tio n  of th e  ra d io la b e l, p re p a ra t io n  of th e  inocu lum  an d  
in o cu la tio n  of th e  f la sk s  w ere  as  d e s c r ib e d  in Section  7 .4  of th e  
P . p u s tu la n s  s tu d y .  A gain 0 .5  ml of th e  rad io lab e lled  c h lo rp ro p h a m  in 
ace to n e  was ad d ed  to  fo u r R oux f la sk s  eac h  c o n ta in in g  150 ml of a u to c la v e d  
m edia (2% malt e x t r a c t ) .  Two of th e  c u l tu re  f la sk s  w ere in o c u la te d  w ith  
4 d is c s  of inoculum  from  c u l tu re s  on p la te d  m alt e x tra c t  medium a n d  th e  
rem a in in g  two R oux f la sk s  rem ain ed  u n in o c u la te d . T he fo u r  f la s k s  w ere 
p la ced  in a w alk -in  g ro w th  room w hich  w as m ain ta ined  a t a te m p e ra tu re  of 
I5 °C .
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T h e  c u l tu r e s  w ere  grow n fo r  a to ta l of 34 d a y s  w ith  re in o c u la t­
ion of th e  f la s k s  b e in g  c a r r ie d  o u t a f te r  20 d a y s  g ro w th  an d  a f te r  a 
f u r th e r  8 d a y s  g ro w th  in  o rd e r  to  in c re a se  th e  y ie ld  of m ycelium . A f te r  
a to ta l of 34 d a y s  th e  c u l tu re s  w ere  e x t ra c te d .
8 .4 .1  E x tra c tio n  of C u ltu re s
T h e  co tto n  w ool/ ch ee se c lo th  s to p p e r  w as e x t r a c te d  w ith  m ethano l 
a s  d e s c r ib e d  in  S ection  7. 3. 2. 3 an d  e v a p o ra te d  to  5 ml. T he  medium w as 
f i l te r e d  a n d  d u p lic a te  2g a liq u o ts  w ere rem oved  fo r  an ilin e  a n a ly s is  u s in g  
th e  p ro c e d u re  d e s c r ib e d  in  S ection  6 .3 .2 .  T h e  f i l t r a t io n  a n d  e x tra c tio n , 
of th e  m ycelium  w as e s se n tia lly  th e  same a s  th e  m ethod  g iven  in  Section
7. 3. 2 .1  e x c e p t th a t  an allow ance of 10 ml w as m ade fo r  th e  w a te r  r e ta in e d  
b y  th e  m ycelium  a n d  n o t ad d ed  to  th e  f i l t r a te  b y  m ethano l w ash in g  of th e  
f i l te r  p a d .  R ap id  s e p a ra tio n s  w ere n o t a c h ie v e d  in  th e s e  P . ex ig u a  
e x t r a c ts  a lth o u g h  th e y  w ere  som ew hat q u ic k e r  th a n  th o se  of P . p u s tu la n s  
e x t r a c t s .  T h e  o th e r  d ev ia tio n  from  th e  m ethod  u s e d  in  th e  e x tra c tio n  of 
th e  P . p u s tu la n s  medium f i l t r a te  w as th a t  th e  m e th a n o l/ w a te r  p h a s e s  of 
th e  B lig h /D y e r  s e p a ra t io n  w ere  n o t e v a p o ra te d  b u t  a p ro p o r tio n  of th e se  
w as rem o v ed  a n d  th e  ra d io a c tiv ity  p r e s e n t  d e te rm in e d  b y  liq u id  s c in till­
a tio n  c o u n tin g  (LSC ) w ith  th e  rem a in d e r of th e  p h a s e  b e in g  r e - e x t r a c te d  
w ith  ch lo ro fo rm . A liq u o ts  of th e  r e s u l ta n t  a q u e o u s  p h a s e  w ere  u s e d  fo r  
a c t iv i ty  d e te rm in a tio n  b y  LSC an d  th e  re m a in d e r  of th e  p h a se  re ta in e d  
w ith o u t b e in g  e v a p o ra te d .
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8 .4 .2  S o x h le t E x tra c tio n
T he S oxh le t e x tra c tio n  w ith  m ethanol w as c a r r ie d  o u t u s in g  th e  
m e th o d  d e s c r ib e d  in  S ection  7. 3. 2. 2 b u t  on ly  w h ere  m ethano l w as u s e d  a s  
th e  e x tra c t in g  so lv e n t. U nlike th e  S o x h le t e x tra c tio n  of th e  P . p u s tu la n s  
c u l tu r e  w hen w a te r was u s e d  as  th e  seco n d  e x tra c tin g  so lv e n t, 70 ml of 
ch lo ro fo rm  w as u se d  in  th e  case  of th e s e  P . ex ig u a  c u l tu r e s .  T h e  c h lo ro ­
form  e x tra c tio n  tim e, like  th a t  of th e  w a te r  w as one 12 h o u r  p e r io d  a f te r  
w hich  it  was allow ed to cool a n d  r e d u c e d  in  volum e to  10 ml b y  r o ta r y  
e v a p o ra tio n  u n d e r  re d u c e d  p r e s s u r e  a n d  a t a te m p e ra tu re  n o t e x c e e d in g  
35°C .
8 .5  A c tiv ity  D ete rm in a tio n s  of th e  F ra c tio n s
T he  a c tiv ity  of th e  f ra c t io n s  w as d e te rm in e d  b y  L S C . T he  
p o in ts  in th e  e x tra c tio n  p ro c e d u re  a n d  th e  volum e of th e  sam ples u s e d  
a r e  g iv e n  below .
1. T h e  e x tra c tio n  of th e  co tto n  wool / ch ee se c lo th  s to p p e r  -  1 ml
2. L iq u id  f i l t r a te  p r io r  to  m ethano l w ash in g  of th e  f i l te r
p a d  -  0 .5  ml
3. L iq u id  f i l t r a te  a f te r  m ethano l w ash in g  of f i l te r  p a d  -  0 .5  ml
4. C hloroform  p h a se  of f i r s t  B lig h /D y e r  s e p a ra tio n  -  0 .1  ml
5. M e th an o l/w a te r p h a se  of f i r s t  B lig h /D y e r  s e p a ra tio n  -  0 .5  ml
6. C hloroform  p h a se  of seco n d  B lig h /D y e r  s e p a ra tio n  -  0 .1  ml
7. M e th an o l/w a te r p h a se  o f seco n d  B lig h /D y e r  s e p a ra tio n  -  0 .5  ml
8. M ethanol S o x h le t e x t r a c t  -  0 .5  ml
9. C hloroform  S o x h le t e x t r a c t  -  0 .2  ml
10, M ycelium a f te r  m ethanol a n d  ch lo ro fo rm  S oxh le t
e x tra c tio n s  -  A bou t 5% of to ta l m ycelium
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T he sam ples w ere p la ced  in  12 ml of D imilume. 1 ml of S o luene  
350 w as a d d e d  to  m e th an o l/w a te r o r  m ethano l e x t r a c t s .
8 .6  R e s u lts  an d  D iscussion
T h e  an iline  d e te rm in a tio n s  show ed th a t  no an ilin es  w ere  d e te c te d  
w ith  th e  o p tica l d e n s ity  of th e  r e a g e n t  b la n k s  a n d  th o se  of th e  c u l tu r e  
f i l t r a te  r e c o rd in g  a sim ilar low v a lu e .
T h e  r e s u l t s  g iven  in  T ab le  8A a re  th e  a c tiv it ie s  d isp la y e d  b y  
th e  a b o v e  e x t r a c ts  (S ection  8 .5 ) .  T h ey  a re  e x p re s s e d  as a p e rc e n ta g e  of 
th e  to ta l  a c t iv ity  a d d e d  th a t  a p p e a rs  in  each  e x t r a c t .  T h ey  h av e  b e e n  
c o r r e c te d  to  show  th e  am ount of ra d io la b e l th a t  w ould  h av e  b een  p r e s e n t  
h a d  no  su b sa m p le s  b een  rem oved  fo r  a n a ly s is .  In  ca lcu la tin g  th e  
p e r c e n ta g e s  in  T ab le  8A th e  assu m p tio n  h a s  b e e n  m ade th a t  e x a c tly  0 .5  ml 
of 7 m g/m l ch lo rp ro p h am  in ace to n e  w as a d d e d  to  each  f la sk . C le a rly  
th i s  co u ld  n o t h a v e  b e e n  th e  c a s e . More th a n  th is  am ount m ust h a v e  b e e n  
a d d e d  w ith  th e  lik e ly  cau se  of th is  b e in g  th e  e v a p o ra tio n  of some of th e  
s o lv e n t r e s u l t in g  in  th e  so lu tion  b e in g  m ore c o n c e n tra te d  th a n  7 m g/m l.
T he re c o v e rie s  of th e  ra d io la b e l from  th e s e  c u l tu re s  a re  h ig h e r  
th a n  th o s e  a ch iev ed  w ith  th e  P . p u s tu la n s  c u l tu r e s  an d  th is  cou ld  b e  d u e , 
a t  le a s t  in  p a r t ,  to  th e  m ore open  an d  filam en to u s n a tu r e  of th e  P . e x ig u a  
m y celiu m .
H igh p r e s s u r e  liq u id  c h ro m a to g ra p h y  was c a r r ie d  o u t on b o th  of 
th e  ch lo ro fo rm  e x t ra c ts  of each  re p lic a te  u s in g  a norm al p h a se  H y p e rs ü  
colum n u n d e r  co n d itio n s  g iven  in  S ec tion  4 .1 .  C ollection  of th e  colum n 
e lu a n t f ra c t io n s  was made an d  th e  a c t iv ity  d e te rm in e d  b y  LSC . T h e  on ly  
f ra c t io n  r e tu r n in g  above b a c k g ro u n d  c o u n ts  o r ig in a te d  from  th e  c h lo rp r o p ­
ham p e a k .
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P r io r  to  th e  an iline  d e te rm in a tio n s  b e in g  c a r r ie d  o u t,
T T  25 til a liq u o ts  of th e  f i l t r a te  medium  of th e  in o c u la te d  f la sk s  w ere  
c h ro m a to g ra p h e d  on an O D S -H ypersil e q u ip p e d  h ig h  p r e s s u r e  liq u id  
c h ro m a to g ra p h  ( fo r  co n d itio n s  see  S ec tion  4 .1 ) . w ith  th e  c h lo rp ro p h a m  p e a k  
b e in g  co llec ted  a n d  p laced  in  a LSC v ia l c o n ta in in g  12 ml Dimilume a n d  
1 ml S o luene 350. F ig u re  81 is a ch rom atog ram  p ro d u c e d  from  su c h  an 
in je c tio n . T he r e s u l t s  from  th e  LSC show ed th a t  on ly  55% in  th e  case  of 
r e p lic a te  I a n d  59% in th e  case  of re p lic a te  II  of th e  ra d io a c tiv ity  w as 
p r e s e n t  in  th e  ch lo rp ro p h am  f ra c tio n  of th e  e lu e n t. U n fo r tu n a te ly  it  w as 
on ly  th e  ch lo rp ro p h am  p eak  w hich  w as co lle c te d . I t  was im possib le  to  
d e te rm in e  a t  w h ich  p o in t th e  re m a in d e r  of th e  lab e l was e lu te d  s in ce  th e  
h ig h  p r e s s u r e  liq u id  ch ro m a to g rap h ic  s e p a ra tio n  was c a r r ie d  o u t on th e  
an ilin e  a n a ly s is  f ra c tio n  an d  b y  th e  tim e th e  LSC r e s u l t s  w ere  to  h a n d  no  
m ore l iq u id  f i l t r a te  sam ple re m a in e d .
T he  ch loroform  S o x h le t e x t r a c ts  w ere n o t su b je c te d  to  h ig h  
p r e s s u r e  liq u id  c h ro m a to g ra p h y  s in ce  th e  a c t iv ity  w as too low . T h e  
m ethano l S o x h le t e x t ra c ts  h o w ev er w ere  c h ro m a to g ra p h e d  on th e  h ig h  
p r e s s u r e  liq u id  c h ro m a to g ra p h , see  F ig u re  811 (fo r  c h ro m a to g rap h ic  
c o n d itio n s  see  Section  4 .1 ) .  F o r th is  c h ro m a to g rap h ic  ru n  a 30 |il 
in je c tio n  w as m ade an d  e lu a n t f r a c t io n s  I to  X a s  d e ta ile d  on th e  ch rom a­
to g ram  w ere  co llec ted . T he a v e ra g e  a c tiv ity  d isp la y e d  b y  30 pi a liq u o ts  
p la c e d  d ire c t ly  in to  a LSC v ia l w as 2375 dpm . T ab le  8B show s th e  a c t iv i ty  
o f e ac h  of th e  f ra c t io n s  a f te r  th e  b a c k g ro u n d  c o u n t h a d  b e e n  s u b t r a c te d .
TABLE 8B
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IX (Chlorpropham) 2 188
X 23
I t  w ould seem  th a t  all of th e  ra d io la b e l w as s til l  p r e s e n t  in  th e  
c h lo rp ro p h a m  an d  w ould a p p e a r  to  b e  in c o n s is te n t  w ith  th e  H PLC /LSC  
r e s u l t s  o b ta in e d  w hen m edium  f i l t r a te  w as in je c te d  in to  th e  H PL C .
T he h ig h  a c t iv i ty  of th e  m ethanol / w a te r  f ra c tio n  e v e n  a f te r  two 
ch lo ro fo rm  e x tra c tio n s  s u g g e s te d  th a t  th e  la b e l w as n o t p r e s e n t  in  th e  
ch lo rp ro p h a m  an d  th a t  a m etabo lite  more p o la r  th a n  c h lo rp ro p h a m  h a d  b e e n  
p ro d u c e d .  T he a c t iv i ty  w as how ever low a n d  sin ce  it  w as p r e s e n t  in  a 
la rg e  volum e of th e  m e th a n o l/ w a te r p h a se  some form  of c le a n -u p  a n d  
c o n c e n tra tio n  was n e c e s s a r y  in o rd e r  to  p ro c e e d  f u r th e r  w ith  th is  s tu d y .
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Still an d  M ansager ( 1973a) u s e d  an  A m berlite  XAD -2 colum n 
p u r if ic a tio n  p ro c e d u re  to  c le a n -u p  m e tab o lites  of ch lo rp ro p h a m  p ro d u c e d  
b y  so y b ean  p la n ts .  U se was made of a sim ilar column to  p u r i f y  a n d  
c o n c e n tra te  th e  ra d io la b e lle d  com pound p r e s e n t  in th e  a q u e o u s  p h a se  of 
th e  B lig h /D y e r  e x t r a c t  of th e  in o c u la te d  f la s k . O nly R e p lic a te  I w as u s e d .  
T h e  to ta l q u a n ti ty  p r e s e n t  was n o t la rg e ,  b e in g  e q u iv a le n t to  250 pg 
(a ssu m in g  th e  same m olecu lar w eig h t as  c h lo rp ro p h a m ).
T he f i r s t  s te p  in  th e  p u r if ic a tio n  was th e  re d u c t io n  in  volum e 
of th e  aq u eo u s  p h a s e  of R ep lica te  I on a r o ta r y  e v a p o ra to r  u n d e r  p a r t ia l  
v acu u m  an d  a t a te m p e ra tu re  n o t ex ce ed in g  35°C u n til  c o n d e n sa te  c e a se d  
to  a p p e a r  on th e  e v a p o ra to r  c o n d e n s e r . T he re s id u a l a q u e o u s  p h a s e  w as 
th e n  re a d y  fo r  ap p lica tio n  to  th e  colum n a n d  its  a c t iv ity  w as d e te rm in e d  
b y  LSC (0 .5  ml in  12 ml of Dimilume a n d  1 ml of S oluene 350).
T he  A m ber li te  XAD-2 (BDH C hem icals L td .)  w as a d d e d  slow ly 
a n d  co n tin u o u s ly  to  a 0 .9  mm i . d .  x  400 mm g la ss  colum n f i t te d  w ith  a 
s in te r e d  g la ss  b a se  w hich  h a d  b een  p re v io u s ly  filled  w ith  d ie th y le th e r  
w hile m a in ta in ing  a flow r a te  of 2 m l/m in u te . 200 ml of d ie th y le th e r  w as 
u s e d  a l to g e th e r  a n d  was follow ed b y  200 ml of m ethanol a n d  th e n  200 ml 
of d is ti lle d  w a te r .
A fte r  th e se  s o lv e n ts  h a d  co n d itio n ed  th e  colum n th e  flow r a te  
w as r e d u c e d  to  1 ,2  m l/m in u te  a n d  m ain ta in ed  a t  th is  r a t e  th ro u g h o u t  th e  
p u r if ic a t io n . T he  e v a p o ra te d  aq u eo u s  p h a se  w as th e n  a d d e d  to  th e  co lum n. 
A f te r  th e  la s t  of th e  la rg e  volume h ad  p a s s e d  below  th e  top  of th e  colum n 
b e d ,  50 ml of d is ti l le d  w a te r  follow ed b y  150 ml of m ethano l w as u s e d  to  
e lu te  th e  colum n. T he  e lu a n t d u r in g  th e  a d d itio n  of th e  sam ple w as 
c o lle c te d . T h e  b a tc h e s  co n ta in in g  a la rg e  p ro p o r tio n  of m ethano l w ere  
r e d u c e d  in  volum e b y  r o ta r y  e v a p o ra tio n  u n d e r  r e d u c e d  p r e s s u r e  a n d  a t
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a te m p e ra tu re  n o t ex c e e d in g  35°C u n ti l  no f u r th e r  c o n d e n s a te  a p p e a re d  
on th e  e v a p o ra to r  c o n d e n s e r .  T he a c tiv ity  of th e  v a r io u s  f ra c t io n s  w ere  
d e te rm in e d  b y  L S C . 0 .5  ml a liq u o ts  of sam ple w ere  th e n  u se d  a n d  12 ml 
Dimilume an d  1 ml of So luene 350 m ade up  th e  s c in t i l la n t m ix tu re . T ab le  
8C g iv es  th e  a c tiv it ie s  of th e  v a r io u s  f ra c t io n s .
TABLE 8C
FRACTION ACTIVITY dpm (xlO^)
Methanol/water phase prior to evaporation 158
Methanol/water phase after evaporation 121
Fraction collected during application of 
sample to column (120 ml) 41
120 ml - 170 ml column eluant collected 
during the period when distilled water 
was used as eluant 15.1
170 ml - 220 ml (methanol eluant) 48.3
220 ml - 270 ml (methanol eluant) 9.5
270 ml - 320 ml (methanol eluant) 2.7
T he 170 -  220 ml f ra c t io n  w as t r a n s f e r r e d  to  a f la sk  an d  
e v a p o ra te d  u n ti l  c o n d e n sa te  c e a se d  to  a p p e a r  on th e  c o n d e n s e r  to  g ive a 
10 ml c o n c e n tra te .  50 id a l iq u o ts  w ere  c h ro m a to g ra p h e d  on th e  HPLC 
e q u ip p e d  w ith  an  O D S -H y p ers il colum n ( fo r  c h ro m a to g ra p h ic  co n d itio n s  
see  Section  4 .1 ) a n d  f ra c tio n a tio n  of th e  HPLC e lu e n t fo r  a c t iv ity  d e te r ­
m ination b y  LSC w as c a r r ie d  o u t .  F ig u re  8,111 is  a r e s u l t a n t  c h ro m a to g ra p h  
w ith  th e  f ra c tio n  co llec tion  p o in ts  in d ic a te d  on th e  ch ro m a to g ram . T he
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a c t iv it ie s  of th e  in d iv id u a l f ra c t io n s ,  a f te r  c o rre c tio n  fo r  b a c k g ro u n d  
c o u n ts ,  a re  g iven  in  T ab le  8D .
TABLE 8D











A ra d io la b e lle d  com pound was e lu te d  close to  th e  " so lv e n t f ro n t"  
(v o id  vo lum e). W ithout th e  u se  of re fe re n c e  com pounds it  is  d iff ic u lt to  
e s ta b l is h  w hat th is  com pound  m ight b e .  C e r ta in  p o s s ib ili tie s  can  h ow ever 
b e  d is c o u n te d . D e c h lo r in a te d  ch lo rp ro p h am  i . e .  p ro p h a m , h a s  a 
re te n t io n  time s h o r te r  th a n  ch lo rp ro p h a m  on an  CDS H y p e rs il colum n b u t  
u n d e r  th e  c h ro m a to g ra p h ic  co n d itio n s  u s e d  on th is  r u n  th e  r e te n tio n  tim e 
o f p ro p h am  is 7 .7  m in u te s  i . e .  i t  w ould a p p e a r  in  f ra c t io n  V I.
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P r o p a n - 2-ol is  a p o ssib le  c a n d id a te . I t  is  h o w ev er u n lik e ly  th a t  
lo s s e s  of ra d io la b e l w ould have  b een  as low as  th e y  w ere  d u r in g  th e  
e x tra c tio n  an d  in  p a r t ic u la r  d u r in g  th e  e v a p o ra tio n  s ta g e s  if ra d io la b e lle d  
p ro p a n -2 -o l h a d  b e e n  p r e s e n t .  T he  p ro d u c tio n  of a n ilin e , w hich  is th e  
lik e ly  b y - p ro d u c t  sh o u ld  ra d io la b e lle d  p ro p a n -2 -o l h a v e  b e e n  lib e ra te d  
from  e s te r  la b e lle d  ch lo rp ro p h a m , was n o t d e te c te d  a n d  co-m etabolism  o r 
occ lu sion  w ould h a v e  to  accom pany an y  p ro d u c tio n  of la b e lle d  p ro p a n -2 -o l .  
I t  cou ld  th e re fo re  b e  co n c lu d ed  th a t  w hile la b e lle d  p r o p a n - 2 -ol is  a 
p o ss ib le  m etabo lite  it  is  an u n lik e ly  c a n d id a te .
No e a r ly  e lu tin g  ra d io la b e lle d  com pound w as d e te c te d  in th e  
m ethanol S o x h le t e x t r a c t s .  I t  is  d iff ic u lt to  e n v isa g e  th is  b e in g  p o ss ib le  
w hen a s h o r t r e te n t io n  time ra d io la b e lle d  m etabo lite  in  a q u e o u s  e x t r a c ts  
w as o b s e rv e d . A lth o u g h  m ethanol w ash in g  of th e  fu n g a l m ycelium  in th e  
f i l te r  p a d  w as u n d e r ta k e n ,  it  cou ld  n o t h av e  b e e n  e x p e c te d  to  rem ove all 
of a w ate r so lu b le  m etabo lite  w hich w ould hav e  b e e n  w idely  d is t r ib u te d  
th ro u g h o u t th e  c u l tu re  f la sk . I t  may b e  th a t  th e  m ycelium  r e ta in s  o r 
o cc lu d es  li t t le  w a te r  so lu b le  m ateria l a n d  th e  small HPLC in jec tio n  volum e 
u se d  an d  th e  r e la t iv e ly  h ig h  a c tiv ity  of th e  m ethanol S o x h le t e x t ra c t  
(d u e  to  p re s e n c e  of ra d io lab e lled  ch lo rp ro p h am ) p r e v e n te d  d e tec tio n  of 
th is  m e ta b o lite .
T h e  p o la r  m etabo lite  o b s e rv e d  w ould b e  p r e s e n t  a t a co ncen ­
tr a t io n  of g r e a te r  th a n  th e  7% th a t  was s till p r e s e n t  in  th e  m e th an o l/ w a te r 
p h a se  a f te r  tw o ch lo ro fo rm  e x tra c tio n s .  T he 43% of th e  to ta l ra d io a c tiv ity  
in  th e  medium f i l t r a te  w h ich  was n o t co llec ted  along w ith  th e  ch lo rp ro p h am  
p e a k  may b e  a re a s o n a b le  m eans of e s tim a tin g  th e  am ount of m etabo lite  
p ro d u c e d . B e a r in g  in  m ind th a t  th e  medium f i l t r a te  c o n ta in e d  an  a v e ra g e
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of 56% of th e  ra d io a c tiv i ty  o r ig in a lly  in c o rp o ra te d  in to  th e  m edium  th e n  
a f ig u re  of a ro u n d  25% m etabolism  can  b e  c a lc u la te d  u s in g  th e  a c t iv ity  
f ig u re s  o b ta in e d  from  th e  u n re p lic a te d  HPLC f ra c t io n s  of th e  c u l tu re  
medium f i l t r a te .
S ince th e  e x is te n c e  of a m etabo lite  h a s  b e e n  e s ta b l is h e d  it  is 
im m easurab ly  e a s ie r  to  c h a ra c te r is e  th is  m etabo lite  a n d  d e s ig n  new  
e x tra c tio n  p ro c e d u re s  sp ec if ica lly  aimed a t e x tra c t in g  th is  m e tab o lite . 
T h is  is  d is c u s s e d  in g r e a te r  d e ta il in  C h a p te r  9. T h e  Phom a ex ig u a  
v a r . fo v ea ta  m etabolism  s tu d y  w as in fa c t one of th e  m ost in te r e s t in g  
a s p e c ts  of th e  w ork  u n d e r ta k e n  d u r in g  th e  c o u rse  of th is  th e s is  an d  
h a d  time allow ed th e n  th is  w ould  u n d o u b te d ly  h av e  b e e n  an  a re a  w o rth y  
of f u r th e r  in v e s t ig a t io n .
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F ig u re  8 .1 . HPLC ch rom atog ram  of medium f i l t r a te  of Phom a e x ig u a  v a r, 
f o v e a ta  c u l tu r e s . Colum n: O D S -H y p e rs ilre v e rse  p h a s e . 
F o r c h ro m a to g ra p h ic  co n d itio n s  see  S ectio n  4 .1 ,





F igure 8,11. HPLC ch rom atogram  of m ethanol S o x h le t e x tra c t  o f 
Phom a e x ig u a  v a r . f o v ea ta  m ycelium  colum n : 
r e v e r s e  p h a se  O D S -H y p ers il. F o r c h ro m a to g ra p h ic  
c o n d itio n s , see  te x t  (S ec tio n  4 .1 ) .
C h lo rp ro p h am
F ra c tio n  N um ber 
F o r  LSC
VI V n  V III [X
M inutes
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F igu re 8 . III. HPLC chrom atogram  of aq u e o u s  p h a se  of B lig h /D y e r  
s e p a ra tio n  of liq u id  m edium f i l t r a te  from  Phoma e x ig u a  
v a r .  fo v e a ta  c u l tu re s  a f te r  c h ro m a to g ra p h y  on XAD-2 
colum n -  see  te x t  (S ec tio n  8 .6 ) .  F o r c h ro m a to g rap h ic  
co n d itio n s  of th is  r e v e r s e  p h a s e  sy stem  w hich  u ti l is e d  
an  O D S -H ypers il colum n, see  S ec tio n  4 .1 .
R e te n tio n  Time 
of P ropham
F ra c tio n  N um ber 
fo r  LSC
II I IV VI V II V III IX
C h lo rp ro p h am





T he o b je c t of th is  th e s is  w as to  p ro v id e  some ad d itio n a l 
in fo rm atio n  on th e  fa te  of ch lo rp ro p h a m  th a t  is  a p p lie d  to  s to re d  p o ta to e s  
a s  a s p ro u t  s u p p r e s s a n t .  In v e s tig a tio n  of th e  r e s id u e s  of ch lo rp ro p h am  
w as r e s t r i c t e d  to  th e  e f fe c t of th e  m a n u fa c tu r in g  p ro c e s s  on th e  r e s id u e  
le v e ls  a n d  a s  m en tioned  e a r l ie r  w as n o t c o n c e rn e d  w ith  v o la tilisa tio n  
lo s se s  from  th e  s to r e .  T he o rig in a l d ire c tio n  of th e  in v e s tig a tio n  was 
d ic ta te d  b y  th e  av a ilab le  l i te r a tu r e  on th e  s u b je c t ,  w hich  su g g e s te d  
th a t  th e  c h lo rp ro p h a m  re s id u e  w hich rem a in ed  in  th e  tu b e r s  a f te r  w ash ing  
a n d  p ee lin g  w as lo s t from  th e  p o ta to  s lic es  d u r in g  th e  f ry in g  p ro c e s s  
u s e d  to  p ro d u c e  c r i s p s .  T he deve lo p m en t of a s e n s itiv e  an a ly tica l 
te c h n iq u e  was c a r r ie d  o u t in o rd e r  to  d e te rm in e  w h at p a ra m e te rs  of 
o p e ra tio n  of th e  p ro c e s s in g  line h av e  an  e f fe c t on th e  lo s s  a n d  r a te  of 
lo s s  of th e  c h lo rp ro p h a m  from  th e  f r i e r s .
P re v io u s  w ork  in th e  A g r ic u ltu ra l  C h e m is try  S ec tio n , p r io r  to  
th e  a n a ly s is  of c r is p s  fo r ch lo rp ro p h am  r e s id u e s ,  h a d  b e e n  co n c e rn e d  
w ith  e n s u r in g  e ff ic ie n t u se  of th e  c h lo rp ro p h a m  a s  a s p ro u t  s u p p re s s a n t  
a n d  as  fa r  a s  th e  p ro c e s s in g  in d u s tr y  w as a w a re , v e ry  l i ttle  of th e  
ch lo rp ro p h a m  th a t  w as p r e s e n t  in th e  p o ta to e s  a t  th e  b e g in n in g  of th e  
p ro c e s s in g  lin e  rem a in ed  b y  th e  tim e th e  c r i s p s  h a d  b e e n  fu lly  f r ie d .
T he  dev e lo p m en t of th e  a n a ly tic a l m ethod  d e s c r ib e d  in C h a p te r  
3 to  d e te rm in e  c h lo rp ro p h a m  re s id u e  le v e ls  in  c r is p s  an d  oil below  th o se  
a t ta in a b le  b y  th e  m ethod  of G ard  a n d  R u d d  (1953) w as on ly  p a r tia lly  
s u c c e s s fu l.  T h e  "lim it of s e n s it iv ity "  of th e  co lo rim etric  m ethod of C a rd
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a n d  R u d d  w as r e p o r te d  a s  0 .05 u g /g  of p ro d u c t .  T he  minimum am ount 
w hich  can  b e  d e te c te d  an d  q u a n tif ie d  u s in g  th e  p ro c e d u re s  d ev e lo p ed  in  
th e  c o u rse  of th is  th e s is  is  e q u iv a le n t to  0 .035 u g /g  c r isp  w hen th e  GC 
is  u s e d  to  q u a n tify  th e  ch lo rp ro p h am  e x t r a c te d  from  c r is p s .  T h e  u se  o f 
h ig h  p r e s s u r e  liq u id  ch ro m a to g ra p h y  (H PLC) lo w ers  th e  d e te c tio n  lim it 
a n d  r e s id u e s  of a s  l i t t le  a s  0.02 u g /g  can  b e  d e te c te d .
T he  u se  of th is  m ethod  to  d e te rm in e  v e ry  low re s id u e s  of 
c h lo rp ro p h a m  w as n o t in  fa c t r e q u i r e d ,  due  to  th e  re s id u e  v a lu e s  fo u n d  
in  c r is p s  a n d  c r is p  f ry in g  o ils b e in g  m uch g r e a te r  th a n  th e  lim it of 
d e te c tio n . T h is  f in d in g  th e re fo re  c h a n g e d  th e  d ire c tio n  of th e  s tu d y  to  
one w h ere  a c tu a l re s id u e  le v e ls  in  th e  fin a l p ro d u c t  w ere  d e te rm in e d .
T h e  e f fe c ts  of some p ro c e s s in g  p ro c e d u re s  on th e  fin a l r e s id u e  w ere  
ex am in ed . I t  w as show n th a t  p o ta to e s  w hich  h a d  n o t b een  t r e a te d  w ith  
s p ro u t  s u p p r e s s a n t  becam e co n tam in a ted  a f te r  b e in g  p ro c e s s e d  on th e  
sam e p ro d u c tio n  line  a n d , in a d d itio n , i t  can  b e  te n ta t iv e ly  s u g g e s te d  
th a t  th e  in f ra  r e d  h e a te r s  u s e d  to  r e d u c e  th e  oil c o n te n t of th e  c r i s p s  do 
n o t r e d u c e  th e  ch lo rp ro p h am  r e s id u e s .
T h e  m ost in te re s t in g  a s p e c t i s ,  o f c o u rs e ,  th e  fa c t th a t  a 
m e a su ra b le  ch lo rp ro p h a m  re s id u e  is p r e s e n t  in th e  c r i s p .  I t  can  b e  
a rg u e d  th a t  th e  lo ss  of th e  ch lo rp ro p h a m  th ro u g h  v a p o risa tio n  w ould b e  
e x p e c te d . A s e x p la in ed  m ore fu lly  in  C h a p te r  3, th e  GC te m p e ra tu re  
u s e d  to  d e te rm in e  ch lo rp ro p h am  on an  OV 101 colum n was 170°C a n d  
re la tiv e ly  s h o r t  re te n tio n  tim es r e s u l t .  I t  cou ld  also b e  s u g g e s te d  th a t  
a s ig n if ic a n t v a p o u r  c o n c e n tra tio n  of ch lo rp ro p h am  e x is ts  o v e r  th e  oil 
in  th e  f r ie r  a n d  if  no m eans of r e tu r n in g  th e  ch lo rp ro p h am  to  th e  f r ie r  
e x is ts  th e n  i r r e v e r s ib le  lo s s  of th e  ch lo rp ro p h am  from th e  oil w ould 
r e s u l t .
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T he  c h lo rp ro p h a m  re s id u e  in c r i s p s  r e p o r t e d  b y  M arten s  e t  a l .
(1971) a n d  G ard  ( 1959) was below th e  limit of s e n s i t iv i ty  of th e i r  
a n a ly t ic a l  m ethod  a n d  m igh t have  b e e n  a s  a r e s u l t  of f r e s h  f r i e r  oil b e in g  
u s e d .  T h is  cou ld  h av e  r e s u l t e d  in th e  c h lo rp ro p h a m  th a t  was p r e s e n t  in 
th e  s lices  b e in g  d is s ip a te d  th ro u g h o u t  th e  oil an d  s u c h  a d ilu tion  may 
h a v e  lo w ered  th e  ch lo rp ro p h am  re s id u e  to  a v a lu e  of le s s  th a n  th a t  
d e te c ta b le  b y  th e i r  an a ly tica l  p r o c e d u r e s .
A copy  of th e  ana ly tica l m e thod  d e s c r ib e d  in th i s  th e s i s  was 
g iv e n  to s ta f f  a t  th e  IBVL ( th e  Po ta to  R e s e a rc h  C e n t re )  in th e  N e th e r ­
l a n d s ,  M embers of th e  P o ta to  C r isp  I n d u s t r y ' s  R e s e a rc h  G roup  (P C IR G ),  
w h ich  r e p r e s e n t s  p r o c e s s o r s  in E u ro p e  ( in c lu d in g  th e  U n ited  Kingdom) 
p a r t i c ip a te d  in an  e x te n s iv e  r e s id u e  s tu d y  c a r r i e d  o u t  b y  th e  IBVL a n d  
r e s id u e s  of ch lo rp ro p h a m  in c r i s p s  w ere  fo u n d  to  r a n g e  from 0 .0 9 -1 .3 8  
Ug/g c r i s p  w ith an  a v e ra g e  r e s id u e  of all s u b m it te d  sam ples of 0 .69  Ug/g 
c h lo rp ro p h a m / g c r isp  ( Wolsink, 1984).
C o n tin en ta l  p r o c e s s o r s  also p a r t i c ip a te d  in th e  IBVL s tu d y  to 
d e te rm in e  th e  r e s id u e s  of ch lo rp ro p h am  a n d  p ro p h am  th a t  a r e  p r e s e n t  in 
c r i s p s .  T h e  m ethod was a p p a re n t ly  u s e d  w ith o u t modification a n d  
r e s u l t e d  in low re c o v e r i e s  of p ro p h am . T h is  was p ro b a b ly  a s  a r e s u l t  of 
th e  alum ina column c le a n -u p  p ro c e d u re  n o t  b e in g  modified to ta k e  a c c o u n t  
of th e  d i f f e r e n t  p o la r i ty  a n d  th e re fo re  d i f f e r e n t  a d s o rp t io n  c h a r a c t e r ­
i s t ic s  of p ro p h am  in com parison  to c h lo rp ro p h a m .  R ecen tly  in th e  
U n ite d  S ta te s ,  r e s id u e  f ig u r e s  h av e  b e e n  r e p o r t e d  fo r  b a k e d  p o ta to e s ,  
p o ta to  c h ip s  (A m erican  te rm  for  c r i s p s )  a n d  F r e n c h  f r ie d  p o ta to e s  
(H e ik e s ,  1985). T h e se  w ere  d e te rm in e d  as  p a r t  of th e  Total D iet P ro g ram  
of th e  Food a n d  D ru g  A dm in is tra t io n  (FDA) a n d  b a s e d  on m a rk e t  
b a s k e t s  w hich  r e f le c t  th e  d ie ta ry  p r e f e r e n c e s  of e ig h t  a g e - s e x  a d u l t
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g r o u p s  a n d  in fa n t  a n d  to d d le r  d ie ts  in  th e  U n ite d  S ta t e s .  T he  
sum m arised  r e s u l t s  of th e s e  a re  p u b l i s h e d  p e r io d ica l ly  ( s e e  J o h n s to n  e t  a l . , 
1984a; M anske a n d  J o h n s to n ,  1977; J o h n s to n  e t  ^ . , 1981a fo r  a d u l t  
d ie ts  a n d  J o h n s to n  e^ , 1984b; J o h n s to n  e t  , 1981b fo r  in fa n t  a n d  
to d d le r  d ie ts )  w ith  th e  most r e c e n t  c o v e r in g  th e  p e r io d  of O c to b er  1977- 
S e p te m b e r  1978 (P o d re b a ra c ,  1984a -  a d u l t  d ie t ;  P o d r e b a r a c ,  1984b -  
in f a n t  a n d  to d d le r  d ie t)  .
H eikes is  a member of th e  T o ta l Diet R e s e a rc h  C e n t r e  team a n d  
r e p o r t s  (H e ik es ,  1985) th e  in d iv id u a l  ch lo rp ro p h a m  r e s id u e s  d e te c te d  in 
b a k e d  p o ta to e s  (0 .2 5  u g / g ) , c r i s p s  ( 2 .4  u g / g )  a n d  F r e n c h  f r ie d  
p o ta to e s  (1 .6  ug / g )  • T he  r e s id u e  le v e ls  in th e  c r i s p s  a p p e a r  v e r y  h ig h  
b u t  i t  s h o u ld  b e  rem em bered  th a t  th e  collection of th e  m a rk e t  b a s k e t s  is  
from re ta i l  o u t le ts  in o r d e r  to a u th e n t ic a l ly  r e f le c t  th e  p e s t ic id e  r e s i d u e s ,  
in d u s t r i a l  chem icals arid toxic  m etals  to  w hich th e  U n ited  S ta te s  p o p u la t io n  
is  e x p o s e d .  T h e  r e s u l t  of th i s  is t h a t  th e  h i s to r y  of th e  fo o d s tu f f s  is 
u n k n o w n  a n d  d e ta i ls  su ch  as  th e  time of y e a r  a n d  w h e th e r  o r  n o t  th e  
p o ta to  sk in  was rem oved  p r io r  to c r i s p  f r y in g  would be  la c k in g .
E ven  th e  h ig h e r  r e s id u e  d e te c te d  b y  th e  FDA would n o t  be  
c a u se  fo r  c o n c e rn .  T he E nv ironm eta l P ro te c t io n  A g en cy  (EPA) allow a 
r e s id u e  v a lu e  in o r  on p o ta to e s  of 50 u g / g ,  b u t  th i s  seem s to r e f le c t  th e  
h ig h e s t  p o ss ib le  r e s id u e ,  r a t h e r  th a n  b e in g  b a s e d  on some sa fe ty  
p a r a m e te r s  s ince  th e  r e s id u e  on so y b e a n  is  r e s t r i c t e d  to 0 .2  u g /g  of 
ch lo rp ro p h a m  a n d  th e  m etabolite  of c h lo rp ro p h a m  [ 1 -h y d r o x y - 2 - p r o p y l  
N -(  3 -c h lo ro p h e n y l)  c a r b a m a te ] . T h is  is  a l ike ly  re f le c t io n  of th e  low er 
r e s id u e s  fo u n d  on o r  in so y b e a n s  a n d  is  in  c o n t r a s t  to  th e  D u tch  limit 
of 0 .5  u g / g  of c h lo rp ro p h a m  a n d  p ro p h a m  in w ash ed  p e e le d  t u b e r s .  In
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most E u ro p e a n  c o u n t r ie s  a r e s id u e  of up  to 5 u g / g  in whole w ash ed ,  
u n p e e le d  t u b e r s  is  p e rm iss ib le  w hich  is ,  in e f f e c t ,  almost id e n tica l  to  
th e  D u tc h  limit (H e se n ,  1984).
A lth o u g h  th e  r e p o r te d  leve ls  of c h lo rp ro p h a m  re s id u e  in th e  
U n ite d  S ta te s  food b a s k e t  sam ples a re  h ig h e r  th a n  th o se  g en era lly  
a c c e p te d  in E u ro p e  fo r  w ashed  a n d  p e e le d  t u b e r s ,  it  sho u ld  be  
re m e m b e re d  th a t  on ly  a r e la t iv e ly  small p r o p o r t io n  of c r i s p s  is  p r e s e n t  
in th e  d ie t .  N e v e r th e le s s ,  th e  p r o c e s s o r s  a r e  r ig h t f u l ly  c o n c e rn e d  
a b o u t  th e  fa c t  t h a t  much of th e i r  c r is p  a n d  p o ta to  sn a c k  p r o d u c t s  a r e  
co nsum ed  b y  y o u n g  c h i ld re n .  By u s in g  th e  EPA one h u n d re d fo ld  
s a f e ty  f a c to r  ap p l ied  to  th e  2,000 H g /k g  no o b s e rv a b le  e ffec t level 
(NOEL) r e p o r t e d  fo r  r a t s  (A non , 1978) th e n  a r e s id u e  of 20 m g /k g  of 
food  in ta k e  cou ld  be  " s u p p o r te d " .  B ased  on a 1 .5  k g  daily  d ie ta ry  
in ta k e  of a 60 k g  hum an th e  acc ep tab le  daily  i n t a k e  (ADI) would be  
0 .5  m g /k g  of b o d y  w e ig h t ,  i . e .  30 mg to ta l  fo r  a 60 k g  hum an. To 
e x c e e d  th i s  in ta k e  level th e n  60 k g  of c r i s p s  w ith  a ch lo rp ropham  r e s id u e  
s im ilar to  th o s e  r e p o r t e d  in  C h a p te r  3 w ould h a v e  to  b e  consum ed . T h is  
is  e q u iv a le n t  to  consum ing  2,400 s t a n d a r d  25g p a c k e t s  in one d a y .  
H o w ev er ,  if th e  same 60 kg  hum an h a p p e n e d  to  consum e p o ta to es  t h a t  
c o n ta in e d  a c h lo rp ro p h a m  re s id u e  w hich was e q u a l  to ,  b u t  did  n o t  e x c e e d  
th e  EPA maximum p erm iss ib le  r e s id u e ,  th e n  o n ly  0 .6  k g  of th is  m ateria l  
w ould b e  r e q u i r e d  to ex ceed  th e  ADI. I t  m u s t ,  h o w e v e r ,  be  s t r e s s e d  
t h a t  th e  50 u g / g  r e s id u e  is uncommon ev en  in  o r  on whole u n w a sh e d  
t u b e r s .  Work c a r r i e d  o u t  in th i s  la b o ra to ry  show ed  th a t  w ash ing  a n d  
p e e l in g  of in d iv id u a l  t u b e r s  w hich h a d  c h lo rp ro p h a m  re s id u e s  of g r e a t e r  
t h a n  100 u g / g  of u n w a sh e d  tu b e r  r e s u l t e d  in th e  re d u c t io n  of th e  
r e s id u e  to  le s s  th a n  1 u g / g  (B o y d ,  1980),
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S u g g e s t io n s  of a re a s  w o r th y  of f u r t h e r  in v e s t ig a t io n s  a r i s in g  
from th e  r e s id u e  s tu d y  would in c lu d e  d e te rm in a tio n  of th e  c h lo rp ro p h a m  
r e s id u e  in th e  s t a r c h  r e c o v e re d  from th e  w ash in g s  of th e  s l ic e s .  A ny  
f u r t h e r  s tu d ie s  of an  e x te n s iv e  n a t u r e  may b e  more p ro f i t a b ly  u n d e r t a k e n  
if th e  h ig h  p r e s s u r e  l iq u id  c h ro m a to g ra p h  (HPLC) was th e  in s t r u m e n t  
u s e d  to  d e te rm in e  th e  ch lo rp ro p h a m  c o n te n t  in th e  sample e x t r a c t s .
A s m en tioned  in C h a p te r  3, th e  t r a d i t io n a l  colorim etric  m ethod  of 
a n a ly s i s  of G a rd  a n d  R u d d  ( 1953) cou ld  b e  s u c c e ss fu l ly  com bined  w ith  
th e  so lv e n t  e x t ra c t io n  s te p s  u s e d  in  th e  r e s id u e  s tu d y  d e s c r ib e d  in 
C h a p te r  3 as  a m eans of a n a ly s is .  T h e  h y d ro ly s is  of th e  ch lo rp ro p h a m  
e x t r a c t e d ,  to g e th e r  w ith th e  sap o n if ica t io n  of th e  c o - e x t r a c te d  oil p r io r  
to  s y n th e s i s  of th e  azo d y e ,  w hich  i t s e l f  in v o lv e s  a d e g re e  of s e le c t iv i ty ,  
in c o n ju n c t io n  w ith  open  column c h ro m a to g ra p h y  o r  h ig h  p r e s s u r e  l iq u id  
c h ro m a to g ra p h y ,  may p ro v id e  a m e thod  cap a b le  of d e te c t in g  v e r y  low 
le v e ls  of ch lo rp ro p h a m . Of c o u r s e ,  d i r e c t  an a ly s is  of th e  c ru d e  
a c e to n i t rü e  e x t r a c t  b y  h ig h  p r e s s u r e  l iq u id  c h ro m a to g ra p h y  may p ro v id e  
a n  a c c e p ta b le  m ethod fo r  ro u t in e  a n a ly s is  of r e s id u e  a t  th e  le v e ls  w hich  
a r e  p r e s e n t  in th e  c r i s p s .
T he  ob jec tive  of C h a p te r  3 w as e s s e n t ia l ly  fu lf i l led  in t h a t  th e  
fa te  of a t  le a s t  some of th e  ch lo rp ro p h a m  a d d e d  to  th e  f r i e r s  a s  a slice 
r e s id u e  was id e n t i f ie d .  A more com plete  s tu d y  invo lv ing  th e  m on ito r ing  
of th e  c h lo rp ro p h a m  e n te r in g  th e  f r i e r  a n d  th a t  rem oved  from th e  f r i e r  
in  c r i s p s  would b e  r e q u i r e d  to  d e te rm in e  if s ig n if ican t  q u a n t i t i e s  of 
c h lo rp ro p h a m  a r e  lo s t  from th e  f r i e r s  t h r o u g h  vo la ti l isa tion .
T h e  w ork  of C h a p te r  4 w as mainly a s so c ia ted  w ith  th e  o p e ra t io n  
of t h e  h ig h  p r e s s u r e  l iq u id  c h ro m a to g ra p h  a n d  th e  d isc u ss io n  of some
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b a c k g r o u n d  th e o r y .  In  g e n e ra l ,  th i s  W aters  A sso c ia te s  c h ro m a to g ra p h  
a n d  th e  o p e ra to r  p a c k e d  colum ns p e r fo rm e d  well. T he  only s u g g e s t io n  
fo r  f u r t h e r  w o rk  w ould be  c o n c e rn e d  w ith  th e  p a c k in g  of GC co lum ns.
A s m en tioned  in th e  t e x t  of C h a p te r  4, t h e r e  is  an  optimum l in e a r  mobile 
p h a s e  v e loc ity  which r e s u l t s  in a maximum s e p a ra t io n  e ff ic iency  of th e  
colum n. T h is  is th e  com bined e f fe c t  of t h r e e  sample b a n d  d is p e r s io n  
p r o c e s s e s .  L a te ra l  d iffusion  of th e  sam ple a n d  d is p e rs io n  of th e  sam ple 
d u e  to  th e  to r tu o u s  n a tu r e  of th e  flow h a v e  l i t t le  e f fec t  a t  h ig h e r  mobile 
p h a s e  v e lo c i t ie s .  D ispers ion  d u e  to  slow equ il ib r ium  b e tw ee n  th e  mobile 
a n d  s ta t io n a r y  p h a s e ,  h o w ev er ,  is d e p e n d e n t  on mobile p h a se  v e lo c i ty ,  s u c h  
t h a t ,  a t  h ig h  mobile p h a se  v e lo c it ie s ,  in c re a s e d  sample d is p e rs io n  is 
o b s e r v e d .  A t h ig h  mobile p h a s e  v e lo c it ie s  d is p e r s io n  due  to slow 
e q u i l ib ra t io n  g r e a t ly  r e d u c e s  th e  c h ro m a to g ra p h ic  e ff ic iency  of th e  colum n. 
A n im p o r ta n t  fa c to r  h e re  is th e  th i c k n e s s  of th e  film of mobile p h a s e  w hich  
s u r r o u n d s  th e  s ta t io n a ry  p h a s e  p a r t i c l e s  s ince  th e  eq u i l ib ra t io n  time 
r e q u i r e d  fo r  th e  sample to p a r t i t io n  b e tw e e n  th e  two p h a s e s  is  d e p e n d e n t  
on th e  d if fu s io n  r a te  of th e  sam ple in th e  mobile p h a s e .  In  l iq u id  
c h ro m a to g ra p h y  th e  use  of small p a r t i c le  s ized  p a c k in g s  r e s u l t s  in 
on ly  a th in  füm of so lven t  flowing o v e r  th e  p a r t i c l e s  a n d  s ince  d if fu s io n  
d is ta n c e s  a r e  s h o r t ,  r a p id  e q u i l ib ra t io n  o c c u r s  a n d  th e r e f o r e  r a p id  
s e p a ra t io n s  a n d  h ig h  ch ro m a to g rap h ic  e f f ic ien cy  r e s u l t .  In  g a s - l iq u id  
c h ro m a to g ra p h y ,  eq u i l ib ra t io n  r a t e s  a r e  d e p e n d e n t  on th e  th ic k n e s s  of 
th e  film of l iq u id  coa ting  a n d  on th e  d if fu s io n  d is ta n c e s  of th e  sam ple in 
th e  g a s e o u s  mobile p h a s e .  D ue to  th e  f a s t e r  d if fu s ion  r a t e s  of th e  sample 
v a p o u r  in  a g a se o u s  mobile p h a s e  co m p ared  to  so lu te  molecules in a l iq u id  
mobile p h a s e  th e n  th e  p a r t ic le  s ize  of g a s  c h ro m a to g rap h ic  p a c k in g s  does
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n o t  h a v e  to be as  small a s  l iq u id  ch ro m a to g ra p h ic  p a c k in g s .  In  th e  case  
of l iq u id  ch ro m a to g ra p h y  th e  optimum mobile p h a s e  velocity  o b s e r v e d  fo r  
a column rem ains  c o n s ta n t  a long  th e  le n g th  of th e  column. In  gas  
c h ro m a to g ra p h y  th e  o b s e r v e d  optimum mobile p h a s e  velocity  is  an  a v e ra g e  
of th e  l in e a r  velocities  a long  th e  column a n d  s in ce ,  un like  th e  l iq u id  
c h ro m a to g ra p h y  s i tu a tio n  w h e re  th e  mobile p h a s e  is  e s sen tia l ly  
u n c o m p re ssa b le  th e  mobile gas  p h a s e  is c o m p re sse d  an d  th e r e f o r e  th e  
l in e a r  ve loc ity  will in c re a s e  to w a rd s  th e  e n d  of th e  gas c h ro m a to g ra p h ic  
co lum n. D iffe ren t  GC c a r r i e r  g a se s  p ro d u c e  d i f f e re n t  l in e a r  c a r r i e r  gas  
v e lo c ity  -V -  HETP (column le n g th /c o lu m n  eff ic ien cy )  p lo ts  (V an  D eem ter 
p lo ts )  . In  th e  case of helium  th e  u se  of h ig h  flow r a te s  ( i . e .  h ig h  l in e a r  
v e lo c it ie s  of th e  c a r r i e r  gas)  do n o t  le a d  to  a s  g r e a t  a re d u c t io n  in  th e  
e f f ic ien cy  of th e  column as  w hen  th e  more common n i t ro g e n  c a r r i e r  g a s  is 
u s e d  a t  h ig h  flow r a t e s .  T h is  is  p ro b a b ly  due  to th e  low er p r e s s u r e  
d ro p s  ( fo r  th e  same a v e ra g e  l in e a r  ve loc ity )  o b s e rv e d  w hen helium  is u s e d  
a n d  t h u s  a n a r ro w e r  r a n g e  of l in e a r  c a r r i e r  g as  ve loc ities  w ith in  th e  
column r e s u l t s .
T he  u se  of th e  e x p e n s iv e  g a s ,  helium , fo r  GC w ork  can  o f te n  
n o t  b e  ju s t i f ie d  b u t  if  a r a n g e  of column p a c k in g  p a r t ic le  s izes  w as to  b e  
u s e d  w ith  th e  la rg e  p a r t i c le s  a t  th e  b e g in n in g  of th e  column a n d  r e d u c in g  
to  t h e  sm aller p a r t ic le  size a t  th e  e n d  of th e  column, th e n  th i s  may allow 
th e  u s e  of n i t r o g e n  as  th e  c a r r i e r  g a s  a n d  r e s u l t  in h ig h e r  column 
e f f ic ien c ies  s ince  th e  l in e a r  g a s  ve loc ity  would b e  n e a r e r  th e  optimum fo r  
a g r e a t e r  p ro p o r t io n  of th e  column le n g th .
T he  u se  of d i f f e r e n t  th i c k n e s s e s  of l iq u id  coating  h a s  b e e n  u s e d  
w ith  a th i c k e r  coa ting  b e in g  u s e d  a t  th e  s t a r t  of th e  column th e n  a th in ly
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c o a te d  p a c k in g  m ateria l  b e in g  u s e d  a t  th e  d e te c to r  en d  of th e  colum n. 
H ig h e r  e ff ic ienc ies  r e s u l t e d  s ince  r a p id  e q u i l ib ra t io n  took  p la ce  u n d e r  
c o n d i t io n s  of h ig h  l in e a r  ve loc ities  of th e  c a r r i e r  gas  to w a rd s  th e  e n d  of 
th e  column (Poole a n d  S c h u e t te ,  1984). Use could  also be  made 
of a th i n n e r  coa ting  of l iq u id  p h a s e  to w a rd s  th e  e n d  of th e  column in  
co n ju n c tio n  w ith  r e d u c in g  p a r t i c le  s iz e s .
T h is  may b e  an  a re a  w o r th y  of a p p ra isa l  s ince  colum ns of 
h ig h e r  e ff ic iency  may b e  ab le  to b e  p a c k e d  a n d  u s e d  on a low f in an c ia l  
b u d g e t .
T he o b jec tiv e  se t  o u t  in C h a p te r  5 to  p u r i f y  th e  c r u d e  re a c t io n  
m ix tu re  was fu lf i l led .  T h e  most p e r t i n e n t  comment t h a t  can  b e  made 
r e g a r d i n g  th e  s y n th e s i s  an d  p u r i f ic a t io n  of th e  rad io lab e l led  c h lo rp ro p h a m  
is  t h a t  th e  re a c t io n  y ie ld  w ith  r e s p e c t  to  th e  rad io lab e l led  p r o p a n -2 -o l  
s t a r t i n g  m ateria l was low.
T he  g r e a t e s t  in p ro v e m e n t  w h ich  may b e  b r o u g h t  a b o u t  in  th e  
re a c t io n  y ie ld  would p ro b a b ly  b e  a r e s u l t  of im proved  h a n d l in g  of th e  
la b e l le d  p ro p a n -2 -o l  s ince  th e  re a c t io n  co n d it io n s  a n d  a p p a r a tu s  r e q u i r e d  
a r e  re la t iv e ly  sim ple. T he fac t  t h a t  th e  500 uCi of labe lled  m ateria l  
w as d e l iv e re d  in two b r e a k - s e a l  am poules  would c o n t r ib u te  to  h a n d l in g  
lo s s e s .  N ow adays A m ersham  In te rn a t io n a l  o f fe r  d e l iv e ry  of ra d io iso to p e s  
in  a v a r i e ty  of d e l iv e ry  c o n ta in e r s .  I f  th e  s y n th e s i s  of rad io lab e l led  
c h lo rp ro p h a m  was to  b e  u n d e r ta k e n  in th e  d e l iv e ry  vial w ithou t th e  n e e d  
to  t r a n s f e r  th e  la b e lle d  s t a r t in g  m a te r ia l ,  th e n  h ig h e r  rea c t io n  y ie ld s  
w ould  b e  a n t ic ip a te d .  T he  add i t io n  of t h e  r e a c ta n t s  w ithou t h a v in g  to 
b r e a k  th e  seal of th e  d e l iv e ry  v ia l,  i . e .  b y  s y r in g e  th r o u g h  a Teflon  
c o a te d  r u b b e r  in n e r  sea l would a lso  le a d  to  an in c re a s e d  y ie ld  of r a d io -
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la b e lle d  p r o d u c t .  T he A m ersham  Microvial o r  one of th e  D uosea l r a n g e  
w ould  th e r e f o r e  b e  c o n s id e re d  a p p ro p r ia te  d e l iv e ry  a n d  re a c t io n  vicils 
fo r  u se  in th e  s y n th e s i s  of ra d io lab e l led  c h lo rp ro p h a m .
T h e  metabolism s tu d ie s  of C h a p te r s  6, 7 a n d  8 a r e  w o r th  
d is c u s s in g  to g e th e r  a n d  in re la t io n  to  each  o th e r .
T h e  aim of th e se  s tu d ie s  was to p ro v id e  some ad d i t io n a l  
in form ation  on th e  fa te  of ch lo rp ro p h a m  w hen in c o n ta c t  w ith  p o ta to  
p a th o g e n s .  No m e tabo li tes  of c h lo rp ro p h a m  w ere  o b s e r v e d  in th e  
e x t r a c t s  of th e  Erw inia  c a ro to v o ra  v a r .  a t ro s e p t ic a  c u l tu r e s .  R e d u c t iv e  
d ech lo r in a t io n  of ch lo rp ro p h am  to p ro d u c e  p ro p h am  was t h o u g h t  to  h a v e  
b e e n  a p o ss ib le  metabolic ro u te  of th i s  facu lta t ive  a n a e ro b e .  H ow ever ,  
n o  p ro p h am  was d e te c te d  u n d e r  g ro w th  cond itions  t h a t  w ere  an ae ro b ic  
from th e  time of in o c u la t io n .  T h e  E. ca ro to v o ra  g ro w th  co n d i t io n s  an d  
e x t ra c t io n  p r o c e d u r e s  of th e  c u l tu r e s  w ere  th e  s im ples t of th e  t h r e e  
p a th o g e n ic  m ic ro -o rg an ism s  s tu d ie d  a n d  th is  was r e f le c te d  in  th e  h ig h e s t  
r e c o v e r ie s  of th e  rad io lab e l  t h a t  was o r ig ina lly  in c o rp o ra te d  in to  th e  
m edium .
C losed  sy s te m s  w ere  u s e d  in two of th e  t h r e e  c u l tu r e  con d it io n s  
of th e  E . c a ro to v o ra  a n d  no  rad io lab e l  was o b s e rv e d  in  an y  com pound 
o th e r  th a n  c h lo rp ro p h a m . In  th e  case  of th e  fu n g a l  c u l t u r e s ,  lo n g e r  
g ro w th  p e r io d s  a n d  a more complex e x t ra c t io n  p r o c e d u r e  h a d  to  b e  
u t i l i s e d .  In  th e  Po lyscy ta lum  p u s tu l a n s  s tu d y ,  no  m e tabo li tes  w ere  
d e te c te d  a n d  a low re c o v e ry  o r  a h ig h  level of b o u n d  o r  o c c lu d ed  r a d io ­
iso tope  w as n o te d .  U n d e r  th e  c o n s t r a in t s  of lim ited  time a n d  r e s o u r c e s  
i t  was d ec id ed  n o t  to a t tem p t com bustion  of th e  mycelium a n d  an  a c t iv i ty  
d e te rm in a tio n  of th e  l ib e r a te d  rad io iso to p e  a n d  w ith  th e  b e n e f i t  of
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h in d s ig h t  th i s  may h a v e  b e e n  a w rong  dec is ion , s ince  i t  w ould  h a v e  
com ple ted  th e  ba lan ce  a s p e c t  of th i s  s tu d y .  I t  s h o u ld ,  h o w e v e r ,  be  
b o rn e  in mind th a t  r e s u l t s  from th e s e  to ta l  a c t iv i ty  d e te rm in a t io n s  a r e  
on ly  of va lue  in de f in ing  th e  to ta l  am ount of a c t iv i ty  p r e s e n t  a n d  do n o t  
p ro v id e  add it iona l  in fo rm ation  th a t  is of u se  in th e  c h a ra c te r i s a t io n  of 
th e  com pounds in w hich  th e  rad io iso to p e  is p r e s e n t .  T o ta l a c t iv i ty  
d e te rm in a t io n s  of a d e s t r u c t iv e  n a t u r e  shou ld  b e  a la s t  r e s o r t  in a 
s e q u e n t ia l  e x t ra c t io n  p r o c e d u r e ,  a l th o u g h  d e s t ru c t io n  of on ly  p a r t  of 
th e  sample can b e  c a r r i e d  o u t  to p ro v id e  inform ation  as to w h e th e r  it 
would b e  w orthw hile  to  u se  a more e x h a u s t iv e  e x t ra c t io n  m e th o d .  An 
o b s e rv a t io n  w hich was m ade, a l th o u g h  no t d i r e c t ly  r e la te d  to  th e  
metabolism of ch lo rp ro p h a m  w as th e  mycelium of th e  P . p u s tu l a n s  fu n g u s  
is  cap a b le  of c o n c e n t ra t in g  th e  c h lo rp ro p h a m  from th e  n u t r i e n t  medium. 
T h is  may b e  an  im p o r ta n t  f a c to r  in  th e  developm ent of P .  p u s tu l a n s  
( sk in  sp o t)  in fec tion  of p o ta to  t u b e r s .  C h lo rp ropham  a p p l ic a t io n s  h a v e  
b e e n  a s so c ia te d  w ith  th e  deve lopm en t of th e  d isease  to a p o in t  w h e re  a t  
th e  e n d  of th e  se a so n ,  deep  le s io n s  h a v e  dev e lo p ed .  I t  may b e  th a t  th e  
f u n g u s  can  c o n c e n t ra te  th e  c h lo rp ro p h a m , p e r h a p s  from t h e  v a p o u r  
p h a s e  o r  s u r r o u n d in g  d e p o s i t s  of ch lo rp ro p h a m , a n d  th i s  p r o v id e s  a 
r o u t e ,  t h r o u g h  th e  fu n g a l  h y p h a e  to  th e  s u b s u r f a c e  l a y e r s  of th e  t u b e r .  
O nce a t  th i s  location it  may e x e r t  an  e f fec t  on th e  c o rk  la y e r  w hich  
allows p e n e t r a t io n  b y  th e  f u n g u s  (F r e n c h ,  1976), o r  i t  may a f fe c t  
deve lopm en t of a new  c o rk  b a r r i e r  (R eev e  e t  a l . ,  1963).
Phoma e x ig u a  v a r .  fo v ea ta  d id  m etabolise c h lo rp ro p h a m  to  a 
w a te r  so lub le  m e tabo li te .  T h e  r e c o v e ry  of th e  rad io lab e l  w as  more 
com plete in th e  P . ^  . s tu d y  b u t  in a case w h e re  a m e tabo li te  is
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p r o d u c e d ,  h ig h  r e c o v e ry  v a lu e s  a r e  n o t  so im p o r ta n t .  I t  is  w h e re  no 
metabolism h a s  b e e n  d e te c te d ,  t h a t  100% r e c o v e ry  of th e  rad io lab e l  as  
u n a l te r e d  ch lo rp ro p h a m  is r e q u i r e d  in o r d e r  to show t h a t  no  metabolism 
h a s  o c c u r r e d .
T he  fa i lu re  to  fu lly  c h a r a c te r i s e  an d  id e n t i fy  th i s  m etabolite  
was a d is a p p o in tm e n t ,  b u t  some in fo rm ation  was g a in ed  from th e  s tu d y .  
F i r s t  a n d  fo rem ost w as th a t  b io t ra n s fo rm a t io n  of th e  ch lo rp ro p h a m  d id  
o c c u r .  T he  am ount p r e s e n t  was n o t  in s ig n i f ic a n t  a n d  some r e te n t io n  
c h a r a c te r i s t i c s  on r e v e r s e  p h a s e  h ig h  p r e s s u r e  l iq u id  c h ro m a to g ra p h y  
h a v e  b een  d e te rm in e d .
Metabolism ch em is ts  face  a s i tu a t io n  w h ich  h a s  b e e n  d e s c r ib e d  
a s  'l ike  looking fo r  th e  p ro v e rb ia l  "need le  in th e  h a y s ta c k "  w hen one 
does  n o t  know th e  s ize ,  sh a p e  a n d  com position of th e  n e e d le ,  o r  even  
how many n e e d le s  t h e r e  a r e  in th e  s t a c k ’ (H a rv e y ,  1980).
E ven  w ith  th e  small am oun ts  of in form ation  g a in ed  from th e  
P .  ex ig u a  s tu d y  it  s h o u ld  b e  p o ss ib le  to  d e s ig n  an  e x t r a c t io n  a n d  
p u r i f ic a t io n  schem e to  c a te r  fo r  th i s  one m etabo li te .
Since th i s  p o la r  m etabolite  a p p e a r s  e s se n t ia l ly  in th e  l iq u id  
medium, e x t ra c t io n  of th e  mycelium would b e  of l i t t le  v a lu e .  A B l ig h /  
D y e r  p a r t i t io n  would rem ove most of th e  u n a l te r e d  c h lo rp ro p h a m  from 
th e  l iq u id  medium f i l t r a te  to  le a v e  m ost of th e  m etabo lite  in th e  a q u eo u s  
p h a s e .  C o n c e n t ra t in g  p ro c e d u r e s  p e r fo rm e d  b y  c h ro m a to g ra p h in g  th e  
whole of th e  medium f i l t r a te  on a medium p o la r i ty  h ig h  p r e s s u r e  l iq u id  
c h ro m a to g ra p h  p a c k in g  may r e ta in  th e  m etabolite  a n d  a c h a n g e  in 
s o lv e n t  to t r y  a n d  o b ta in  i t  a s  a s h o r t  e lu tion  b a n d  may p r o v e  of u s e .  
Mass s p e c t ro m e try  w ould  p ro v id e  a m eans of e lu c id a t in g  th e  s t r u c t u r e .
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W ithout more inform ation  on th e  s t r u c t u r e  of th i s  m etabo li te ,  i t  is 
im possib le  to  say  if th e  metabolic p a th w a y  of th e  c h lo rp ro p h a m  bio t r a n s ­
fo rm ation  re sem b les  an y  of th o se  p re v io u s ly  r e p o r t e d ,  a rev ie w  of w h ich  
is g iven  in C h a p te r  2.
E a r ly  in th e  c o u rse  of th i s  w o rk ,  p o ta to  s u sp e n s io n  c u l tu r e s  
w ere  c o n s id e re d  fo r  u se  in d e te rm in in g  th e  metabolism of ch lo rp ro p h a m  
b y  p o ta to  t i s s u e .  T he  o r ig in a l  ex p e r im en ta l  p ro to co l  was to  o b ta in  
r a p id ly  g row ing  s u s p e n s io n  c u l tu r e s  a n d  a d d  ch lo rp ro p h am  to th e  c u l tu r e  
f la s k  an d  allow g ro w th  a n d  m ultip lica tion  to p ro c e e d  in th e  p r e s e n c e  of c h lo r ­
p ro p h am  . While th e  p o te n c y  of th e  ch lo rp ro p h am  as  a mitotic po iso n  was 
a p p r e c ia te d ,  i t  was c o n s id e re d  th a t  th i s  w ould b e  th e  b e s t  a p p ro a c h .
In i t ia t io n  of ca l lus  g ro w th  was re la t iv e ly  easy  a n d  ca llus  was u s e d  fo r  
th e  in i t ia tion  of su sp e n s io n  c u l tu r e s .  T he  main p rob lem s w ith  th e  
s u s p e n s io n s  w ere  th a t  sometimes th e  ca llu s  rem ained  in ta c t  a n d  c o n t in u e d  
to  grow  in la rg e  a g g r e g a te s  while sometimes th e  ca llus  b r o k e  u p  well a n d  
a f ine ly  d iv id e d  su sp e n s io n  c u l tu r e ,  w ith  a h ig h  cell load  was p r o d u c e d  
in 5-6 w eek s .  H owever p r e d ic ta b le ,  c o n s is te n t  g ro w th  r a t e s  w ere  
seldom o b s e rv e d  a n d  b e c a u se  of t h i s ,  p o ta to  s u s p e n s io n  c u l tu r e s  w ere  
n o t  u s e d  in a n y  metabolism s tu d ie s .  I t  is now c o n s id e re d  t h a t  th e  
r e q u i r e m e n ts  of th e  c u l tu r e  to  p ro d u c e  c o n s is te n t  a n d  p r e d ic ta b le  g ro w th  
r a t e s  w hen u s in g  low c o n c e n t ra t io n s  of ch lo rp ro p h am  to allow re a s o n a b le  
g ro w th  r a t e s  w ere  u n re a l is t ic  c o n s t r a i n t s .  A dd ition  of ra d io lab e l led  
ch lo rp ro p h a m  to f la s k s  w hich h a d  p r e s e n t  a l a rg e  volume of p o ta to  cells  
cou ld  h av e  b e e n  c a r r i e d  o u t .  To h a v e  th e  p o ta to  su sp e n s io n  c u l tu r e  
g row ing  a n d  d iv id in g  in  th e  p r e s e n c e  of th e  ch lo rp ro p h am  may n o t  b e  
e s s e n t ia l .  While h ig h  c h lo rp ro p h a m  c o n c e n tra t io n s  in th e  g ro w th  medium
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c e r ta in ly  would in h ib i t  cell d iv is io n ,  th e  cells w ould s til l  r e ta in  many 
biochem ical fu n c t io n s  a n d  th e  e luc ida t ion  of p a th w a y s  of b io t r a n s fo rm ­
a tion  is more likely  w hen l a r g e r  am oun ts  of bio logical m ateria l  a r e  p r e s e n t  
as  well as  l a r g e r  q u a n t i t i e s  of c h lo rp ro p h a m .
T he  co n ce rn  o v e r  ch lo rp ro p h a m  in p o ta to e s  a n d  p o ta to  b a s e d  
p r o d u c t s  h a s  b een  le s s e n e d  b y  th e  low a c u te  to x ic i ty  of c h lo rp ro p h a m , 
a n d  th e  a b sen ce  of an y  d a ta  show ing d e le te r io u s  e f fe c ts  on anim als w hen 
fe d  s u b - le th a l  ch lo rp ro p h a m  c o n c e n t ra t io n s  (A non , 1978). I t  s h o u ld ,  
h o w ev e r ,  n o t  be  fo rg o t te n  t h a t  m etabo li tes  h ave  to be  c o n s id e re d  a lso , 
a n d  th a t  th e  e f fec t  of p ro c e s s in g  can  r e s u l t  in u n fo re s e e n  p ro b lem s  a r i s in g .  
F o r  in s ta n c e ,  c a u s t ic  p e e l in g  of p o ta to e s  is o f ten  u s e d  to  rem ove th e  skin  
from th e  p o ta to  r a t h e r  th a n  th e  u se  of a b ra s iv e  p e e l in g .  T h e  3 -ch lo ro -  
an ü in e  h y d ro ly s is  p r o d u c t  of ch lo rp ro p h a m  was c o n s id e re d  to  h a v e  b een  
a l ike ly  p r o d u c t ,  b u t  it would a p p e a r  th a t  th e  cond itions  u s e d  in cau s t ic  
p ee l in g  a n d  th e  r e s i s ta n c e  of th e  ch lo rp ro p h am  molecule to  a lka line  
h y d ro ly s is  would r e s u l t  in an iline  p ro d u c t io n  be ing  u n lik e ly  (B e rg o n  a n d  
Calmon, 1983).
Low r e s id u e  v a lu e s  of c h lo rp ro p h a m  a re  u su a l ly  d e te c te d  
a f t e r  p ro lo n g e d  s to ra g e  w ith  th i s  b e in g  a t t r i b u t e d  to  v o la t i l isa t io n  lo s se s  
of th e  ch lo rp ro p h am  (C o rs in i  e t  a l . ,  1979; P e is k e r  e t  , 1972;
S te in b e is s  e t  a l . , 1972) a n d  th i s  h a s  also r e d u c e d  th e  c o n c e rn  o v e r  th e  
u s e  of th i s  ag rochem ica l.  R e c e n t ly ,  h o w ev e r ,  it  h a s  b e e n  show n th a t  
ch lo rp ro p h am  ap p l ied  to  th e  s u r f a c e  of th e  p o ta to  is n o t  re a d i ly  
d e s o rb e d  from th e  p o ta to  s u r f a c e  (G oxon a n d  F ilm er, 1985). T h e se  
w o rk e rs  ap p lied  rad io lab e l led  ch lo rp ro p h a m  in m ethanol b y  b r u s h  to  th e  
s u r fa c e  of u n w a s h e d  t u b e r s  a t  th e  r a t e  of 100 u g /g  of t u b e r .  A f te r  
s to ra g e  fo r  34 w eeks in a v e s s e l  w hich was fo rce  v e n t i la te d  a t  r a t e s
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g r e a t e r  th a n  th a t  u s e d  in commercial s t o r e s ,  le s s  th a n  1% of th e  a p p l ied  
r a d io a c t iv i ty  was rem oved  in th e  a i r s t re a m  e x h a u s t in g  from th e  s to ra g e  
c o n ta in e r  an d  an a v e ra g e  of 28% of th e  rad io iso to p e  in i tia lly  ap p l ied  
r em a in ed  u n e x t ra c te d  in th e  p ee l l a y e r  following a methanolic e x t ra c t io n  
p r o c e d u r e .  T h is  r e s id u a l  28% was d e te rm in e d  following com bustion  of th e  
p ee l  l a y e r  in which it  was p r e s e n t .  F u r th e rm o re  if th e  maximum p o ss ib le  
lo s s  th r o u g h  vo la ti l isa tion  of c h lo rp ro p h a m  is ca lcu la ted  u s in g  s a tu r a t e d  
v a p o u r  p r e s s u r e s ,  th e  maximum c o n c e n t ra t io n  of ch lo rp ro p h am  in a i r ,  
a n d  th e  v en t i la t in g  p a t t e r n  of m odern  commercial s to r e s ,  th e n  it  can  be  
shown th a t  maximum lo s se s  o v e r  th e  whole season  a r e  small in com parison  
to  th e  to ta l  th a t  is a p p l ied  o v e r  th e  sea so n  w ithin  th e  s to r e .
Coxon a n d  Film er ( 1985) also  r e p o r t e d  t h a t  th e  v a p o u r  p r e s s u r e  
d isp la y e d  b y  ch lo rp ro p h a m  w hen a b s o r b e d  on s h e e ts  of f i l te r  p a p e r  was 
15 tim es g r e a te r  th a n  w hen it  was a p p l ie d  to  th e  s u r fa c e  of p o ta to  t u b e r s .  
I t  w ould  th e re fo r e  seem th a t  th e  v e n t i la t io n  lo s se s  of c h lo rp ro p h a m  do n o t  
a c c o u n t  fo r  all of th e  s h o r t fa l l  b e tw e e n  th a t  w hich was ap p l ie d  th r o u g h o u t  
th e  s to ra g e  season  a n d  th e  e x t r a c ta b l e  r e s id u e s  of ch lo rp ro p h a m  from 
p o ta to e s .
B oyd  (1984) h a s  shown t h a t  th e  fab r ic  of th e  s to r e  r e t a in s  
la rg e  am ounts  of c h lo rp ro p h a m . T h e  f lo o r ,  wall a n d  p o ta to  s to ra g e  b o x e s  
in a s to r e  which he s tu d ie d  h a d  an a v e ra g e  ch lo rp ro p h am  c o n te n t  of 
5,700 | i g / g ,  200 n g /g  a n d  270 p g / g ,  r e s p e c t iv e ly .  T he  time of sam pling  
was in m id -O c tober ,  some 4 m onths  a f t e r  th e  la s t  app lica tion  of c h lo r ­
p ro p h am  a n d  some 3 m on ths  a f t e r  t h e  s to r e  h a d  b een  c le a re d  of th e  
p r e v io u s  se a s o n 's  p o ta to e s .  C le a r ly  th e  fa b r ic  of th e  b u i ld in g  is  a 
r e s e r v o i r  of ch lo rp ro p h am  a n d  will a c c o u n t  fo r  some of th e  s h o r t f a l l .
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When Coxon a n d  Film er (1985) u s e d  w a s h e d  t u b e r s ,  th e  n o n -  
e x t ra c ta b le  rad io la b e l  in th e  pee l f ra c t io n  am oun ted  to le s s  th a n  2% of 
th e  app lied  rad io lab e l  a f t e r  21 w eeks of s to ra g e  b u t  th e  to ta l  rad io lab e l  
r e c o v e r ie s  w ere  low. In  th i s  s tu d y  th e  a c t iv i ty  of t r a p p e d  vo la tile  
rad io lab e l led  m a teria l  w as le s s  th a n  2% of th e  to ta l  a p p l ied  to  th e  t u b e r s .  
When th e  u n w a s h e d  t u b e r s  h a d  b e e n  u s e d ,  th e  soil f ra c t io n  d id  n o t  
p r e s e n t  an y  e x t ra c t io n  p ro b lem s  s ince  S oxhle t e x t ra c t io n  w ith  d ie th y l -  
e th e r  followed b y  m ethanol r e s u l t e d  in n e a r  com plete e x t ra c t io n  of th e  
r a d io a c t iv i ty  in th e  soil. D esp ite  th e  la rg e  q u a n t i t i e s  of c h lo rp ro p h a m  
r e ta in e d  in th e  f a b r ic  of th e  s to r e ,  it  seems like ly  t h a t  m uch of th e  
ch lo rp ro p h a m  o r ig in a l ly  ap p l ied  to  th e  p o ta to e s  re m a in s  as  b o u n d  r e s id u e s  
a n d / o r  ch lo rp ro p h a m  m e tab o li te s .  T he  only m etabo lite  of ch lo rp ro p h a m  
w hich  h a s  b e e n  is o la te d  from ch lo rp ropham  t r e a t e d  p o ta to e s  is  i s o p ro p y l  
N - ( 3 -c h lo ro -4 -m e th o x y p h e n y l) c a rb a m a te , r e p o r t e d  b y  H eikes  ( 1985), b u t  
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